








THE 


ASTROPHYSICAL JOURNAL 


AN INTERNATIONAL REVIEW OF SPECTROSCOPY 
AND ASTRONOMICAL PHYSICS 


VOL. XL CONTENTS FOR DECEMBER 1914 NO. 5 


ON THE DISTRIBUTION OF ECLIPSING VARIABLE STARS IN SPACE 
Henry Norris Russert anp Hartow SHAPLEY 417 

AVOGADRO’S CONSTANT AND ATMOSPHERIC TRANSPARENCY  F.E. Fowte. 435 
NEW VARIABLES IN THE CENTER OF MESSIER 3 : - Hartow SHAPIEY © 443 
ON. THE NATURE AND CAUSE OF CEPHEID VARIATION - Hartow SHaptey 448 
THE RELATION BETWEEN THE WOLF-RAYET STARS AND THE PLANETARY 

NEBULAE - - - - - - - - - - W.H. Wricer 466 
ON SYSTEMATIC ERRORS OF STELLAR RADIAL VELOCITIES 


SEBASTIAN ALBRECHT 473 
MINOR CONTRIBUTIONS AND NOTES: 
A Simple Method for Determining the Amount of Light Lost in a Stellar Spectrograph, C. D. Prrrine, 481. 


REVIEWS: 
Die verinderlichen Sterne, Jouann Grorc Hacen (J. A. Parkhurst), 483; Beyond the Atom, Joun Cox 
(R. A. Millikan), 48s. 

SES te ee ee eee eee yee eee ees 

EN he Pike, ee ih no el ee CR be Gee) ae ae 





The Astrophysical Journal is published during each month except February and August. 
4 Vhe subscription price is $5.00 per year; the price of single copies is 65 cents. Orders for service 
of less than a half-year will be charged at the single-copy rate. ‘| Postage is prepaid by the 
.. publishers on all orders from the United States, Mexico, Cuba, Porto Rico, Panama Canal Zone, 

Republic of Panama, Hawaiian Islands, Philippine Islands, Guam, Samoan Islands, Shanghai. 
4] Postage is charged extra as follows: For Canada, 30 cents on annual subscriptions (total $5 ps on 
single copies, 3 cents (total 68cents); for all other countries im the Postal Union, 62 cents on annual 
wo aha sm (total $5.62), on single copies, 11 cents (total 76 cents), {| Remittances should be 
made payable to The University of Chicago Press, and should be in Chicago or New York exchange, 

postal or express money order. If local check is used, 10 cents must be added for collection. 
following have been appointed and are authorized to quote the prices indicated: 
For the British Empire: The Cambridge University Press, Fetter Lane, London, E.C, 
Yearly subscriptions, including postage, 23s. each; single copies, including postage, 3s. 3d. each. 
For the Continent of Europe: Karl W. Hiersemann, Kénigstrasse 29, Leipzig, Germany. 
ga! subscriptions, including postage, M. 23.60 each; single copies, including postage, 

+ 3.20 each. 

For Japan and Korea: The Maruzen-Kabushiki-Kaisha, 11 to 16 Nihonbashi Tori 

Sanchome, Tokyo, Japan. Yearly subscriptions, including postage, Yen 11.25 each; single 

copies, including postage, Yen 1.50 each. 

Claims for missing numbers should be made within the month following the regular month of 
publication. The publishers expect to'supply missing numbers free only when they have been lost 
in transit, 

Business correspondence should be addressed to The University of Chicago Press, Chicago, Ill. 

Communications for the editors and manuscripts should be addressed to the Editors of Tue 
ASTROPHYSICAL JOURNAL, The University of Chicago, Chicago, Ill. 





Entered January 17, 1895. at the Post-office at Chicago, IJl., as second-class matter, under act of Congress, March 3, 1879 




















THE 


ASTROPHYSICAL JOURNAL 


AN INTERNATIONAL REVIEW OF SPECTROSCOPY 
AND ASTRONOMICAL PHYSICS 


VOLUME XL DECEMBER to1 4 NUMBER 5 


ON THE DISTRIBUTION OF ECLIPSING VARIABLE 
STARS IN SPACE 
By HENRY NORRIS RUSSELL anp HARLOW SHAPLEY 


When the elements of an eclipsing binary, and its observed 
magnitude and spectral type, are given, it is possible to make a 
very fair estimate of its distance. Since the photometric data 
give the relative brightness of the components, the stellar magni- 
tude m which the brighter star of the system would appear to have 
if it stood alone can be found at once. If we can estimate the 
absolute magnitude M of this star, the parallax + may be found 


from the relation 
M=m+5+5 log x (1) 


Kapteyn’s definition of the absolute magnitude, corresponding to 
a parallax of o’10, is here used, so that the sun’s absolute magni- 
tude is about 4.75. If the radius and surface brightness of the 
star under consideration, in terms of those of the sun, are R and J, 
we shall have 


M=4.75—5 log R—> log J (2) 


(The logarithms here, as elsewhere in this paper, are common 
logarithms with base 10.) 
The elements of the eclipsing system give us also the ratio r of 
the radius of the brighter component to the mean distance of the 
417 








418 HENRY NORRIS RUSSELL AND HARLOW SHAPLEY 


components. If the mass of the system is 2u times the sun’s 
mass, and the period is P days, the mean distance, taking the 
sun’s radius as unity, will be 


5.29 Pi p! 


and we may write 


R=5.29rPi p! 
Setting for brevity 
5.29 rPi'=A 3 
we find 
M=4 75—5 log A—* log n—> log J (4) 
Oo « 


The quantity A may be derived from the known elements of the 
eclipsing system.?, The last two terms are usually unknown; but 
their probable values may be estimated if the spectral type of the 
star is known. 

Consider first the surface brightness J. This is probably very 
closely related to the color-index of the star, and hence to its 
spectrum. There are two ways in which this relationship may 
be determined quantitatively with tolerable accuracy. 

(a) On the assumption that the stars radiate like black bodies, 
the difference of surface brightness between any two stars (in 
stellar magnitudes) should be very nearly equal to the product 
obtained by multiplying their relative color-indices by the ratio 
of the mean effective photographic wave-length to the difference 
between the mean effective visual and photographic wave-lengths. 
From Parkhurst’s data,’ it appears that this ratio is about 3.8 in 
the case of the system of color-indices now in common use, based 
on extra-focal photographic work. 

This method may, however, be expected to give somewhat too 
large values for the difference of surface brightness, for it is very 

? This is called r, in the table of elements (Astrophysical Journal, 38, 162, 1913), 
to distinguish it from r,, the radius of the fainter component. This distinction is 
unnecessary here. 

2 The density assigned to the brighter component of each system in the table just 
referred to is equal to A~°. 


3 Russell, Science, N.S., 38, 646, 1913. 
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probable that a part of the photographic faintness of the redder 
stars arises from increased intensity of both line and general 
absorption in the region of short wave-lengths. 

(b) An attempt to determine the relative surface brightness of 
stars of the different spectral classes in quite a different way, by 
comparison of data obtained from visual and eclipsing binaries, 
has recently been described in some detail by one of the writers.’ 
It gives results only for the whiter stars, but these should be of 
considerable accuracy. 

As regards the mean masses of the stars of the various spectral 
classes, the principal data may be summarized briefly as follows: 

(c) For 12 spectroscopic binaries of Class B, with both com- 
ponents bright, the mean mass of a system is 16 times that of the 
sun. There are good reasons to suppose that the methods of obser- 
vation have in this case favored stars more massive than the 
average. 

The mean mass of 8 visual binary systems of known parallax, 
and spectra A to F5, is 4.5 times that of the sun, and that of 10 
systems of spectra F8 to K is 2.0. The few spectroscopic binaries 
of these classes whose actual masses can be determined give results 
of the same order of magnitude. 

(d) A determination of the mean masses of binary stars of the 
various spectral classes, based on the data for more than 550 stars, 
on the assumption that the brighter components of these double 
stars are, on the average, equal in brightness to the mean of all 
stars of similar spectral type, is given in the paper already referred 
to. The brighter and fainter groups (giant and dwarf stars) among 
the redder types appear to be of different mass, and are treated 
separately. 

The results of these various determinations are summarized in 
Table I. The second line gives the relative color-indices for the 
various spectral classes (taking for the moment the sun as a stand- 
ard); the third, the values of the surface brightness in stellar 


magnitudes (i.e., of ~% log J) deduced from these by method (a); 


the fourth line, the independent results of method (6); and the 


* Popular Astronomy, 22, No. 6, June-July 1914. 
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fifth, the values adopted for the purposes of the present dis- 


cussion. ‘The next three lines give the values of —~ log uw derived 








3 
TABLE I 

Spectrum B Bs Ao Fo G K M 
Color-index -I.02 —o.88 71 —o.4I , } 15 gl 

— log J 
Method (a).. —3.9 | —3.3 2.7 —1I.5 0.0 I ..4 
Method (0)... —3.2 -2.0| —I.1 0.0 S 
Agopted......... —3.6 | —3.0| —2.3 | —1.1 2.0 I +3 

—§ log u —" — — = — ed 
Method (c)..... —1.5 —o.6 0.0 

f * » 
Method (d) ) Giant stars —o.8 —o.6 0.8 0.3 3 
. ‘| Dwarf stars —o.! +o.6 +o.9 +12 
Adopted...... —1.t —0.8 | —0.6 | —0.3 0.0 2.0 
4.75—‘% log J —§ logu 

Adopted ....... Sopra 0.0 +0.9 | +1.8 | +3.3 | +4.7] +5.9 


from the discussions referred to under (c) and (d), and the follow- 
ing line the adopted values. Finally, the last line gives the adopted 
5 5 . 
values of 4.75—~ log J—~ log uw for each spectral class. If we 
2 3 
call this quantity Q, then we have for any star, by (4), 


M=Q-5 log Ja 


With regard to the accuracy of the adopted values of Q, it seems 
probable, on the showing of the table, that they are usually within 
half a magnitude of the truth. Differences from the mean mass 
and surface brightness will cause larger deviations in the case of 
individual stars; but the probable magnitude of these deviations 
may be at least roughly estimated. For the 28 visual and spectro- 
scopic binaries mentioned under (c) above, the differences between 
the individual masses, as derived from observation, and the means 
for the various groups correspond to an average deviation oi 


+0.53 in ~ logy. This includes very considerable effects of 
3 


errors of observation, so that the real deviations must be decidedly 
smaller. The deviations of the surface brightness of individual 
stars from the mean for their spectral classes may be estimated 
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from the similar deviations in color-index. According to King, 
the average observed deviation in color-index is +0.086 mag., 
including the effect of errors in both the visual and photographic 
magnitudes. Multiplying this by 3.8, we find +o0.33 as the 


corresponding deviation in ~ log J, which again, for the reasons 
> 


just stated, is probably too great. 

It would therefore appear that, for stars whose spectral class 
is accurately known, the average deviation from the mean values 
of O can hardly exceed +o. 50 mag.—which corresponds to an error 
of about +25 per cent in the estimated parallax. For faint stars, 
whose magnitudes have not been photometrically determined, and 
whose spectra can be only roughly classified, the errors may of 
course be much greater. 

The stars whose parallaxes and distances are here estimated 
on the above principles are the go eclipsing variables for which 
elements have so far been computed. The elements of 86 of these 
have been published by one of us;? the others are added from later 
computations. Full details regarding all of these will appear in 
a forthcoming number of the Contributions from the Princeton 
University Observatory, and therefore only the essential facts are 
presented here. 

Table II gives for these go stars (1) the name; (2) the magni- 
tude m of the brighter component, obtained by correcting the 
observed magnitude of the system for the light of the fainter com- 
ponent. Magnitudes given in italics are photographic, and have 
been corrected for color-index in the ordinary way before the com- 
putations were made. Column (3) gives the spectral class, as 
determined at Harvard (except for the values in parentheses, which 
are rough estimates made in the manner explained below), and 
column (4) the quantity A derived from the elements of each sys- 
tem by means of equation (3). The elements computed on the 
assumption that the star-disks appear to be darkened at the limb 
have been used in all cases except that of X Carinae (for which 
they were not available); and in the case of ellipsoidal stars, the 

t Harvard Annals, 59, 175. 


2 Shapley, Astrophysical Journal, 38, 162-168, 1913. 
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Name 


Cephei. 

RZ Cassiopeiae 
I 
I 


ersei 
RW Tauri 


8 Aurigae. 

R Canis Majoris 
V Puppis 

S Cancri 

S Velorum 


W Ursae Majoris 
ST Carinae 

Z Draconis. 

SV Centauri 


W Crucis 


RZ Centauri 
SZ Centauri 
RR Centauri. 
U Ophiuchi 
u Herculis 


RS Sagittarii 
V Serpentis 
RX Herculis 
RX Draconis 
U Sagittae 


SW Cygni 
UW Cygni. 
ZZ Cygni 
W Delphini 
WZ Cygni 


U Pegasi 


RT Sculptoris 
RS Cephei.. 

e Aurigae.. 
TT Aurigae. 
Z Orionis 


RW Monocerotis. 
RR Velorum 

SS Carinae... 
SU Centauri. 

SS Centauri 


6 Librae 

U Coronae 

Z Herculis. 
RR Draconis . 
RZ Ophiuchi 
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Ce vi 


SF 
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Oo Oo Ly 


oOoOnnN S 


euUnN~I 


oO 


mss 
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rABLE I 


A 
2.105 
1.55 
I.50 
5.70 
2.05 
I.Q3 
2. 28 

II 
@) 79 
I.44 
1.07 
2.74 
[00 .O 
3.70 
3.85 
I.30 
..7e 
2.45 
3.28 
2.03 
I.57 
Pet 
2.42 
2.37 
I.40 
2.50 
I.55 
I.07 
1.48 


40 
100 
130 
135 
162 


9 


+57 
17 
+24 
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7 oe oe « 


SOO 
2900 
goo 
1420 
QO0Oo 


3800 
3000 
[500 
4900 


1040 
2200 
2400 
11580 
1800 
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375 
1S00 
2500 
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I 


Name 
8 Lyrae 
U Scuti 


Z Vulpeculae 
WW Cygni 
VW Cygni 


RW Capricorni 
UZ Cygni 

RT Lacerta¢ 

Y Piscium 


SY Andromedae 
r\ Cassiopeiae 
Z Persei 

RY Persei 

ST Persei 


RV Persei 

RW Geminorum 
Y Camelopardalis 
RU Cancri 


RW Ursae 
Majoris 

['W Draconis 

R\ Lyrae 

RS Vulpeculae 

rT Lyrae 


SY Cygni 

RR Delphini 

VV Cygni 

'T Andromedae 


SX Cassiopeiae 
RX Cassiopeiae 
\ Tauri 

RW Persei 

RZ Aurigae 


RR Puppis 
X Carinae 

Y Leonis 
SW Centauri 
SY Centauri 


r'X Herculis 
SZ Herculis 

RZ Scuti 

RZ Draconis 
SX Sagittarii 


RS Scuti 
Y Cygni 


TABLE II 
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shortest radius in the equatorial plane has been taken. In one 
or two indeterminate cases, the mean of the limiting possible values 
has been used in the calculations. This quantity A is the radius 
of the brighter component (taking the sun’s radius as unity), 
divided by the cube root of the ratio of the mass of the system to 
twice the sun’s mass. From the data of Table I it appears that a 
good approximation to the true radius may be obtained by increas- 
ing the tabular value by two-thirds of itself for spectrum Bo, one- 
half for Bs, one-third for A, and one-sixth for F. Columns (5) and 
(6) give the galactic longitudes and latitudes of the stars (taken in 
all but a few instances from the list in Harvard Annals, 56, 187~191). 
The assumed position of the galactic pole is 12"40™, + 28°. Column 
(7) gives the parallax computed by equations (1) and (4). To 
avoid the printing of needless ciphers, the values of 1000 7 are 
tabulated. Column (8) gives the corresponding distance R in 
light-years, and columns (g) and (10) the components of this dis- 
tance, resolved parallel and perpendicular to the galactic plane 
passing through the sun. 

The stars are arranged in four groups, according to the accuracy 
of their orbital elements, those in each group being in order of 
right-ascension. 

In estimating the spectra of the seven stars which were too faint 
to be classified on the Harvard plates recourse was had to the fact 
that there is a marked correlation between the spectral type and 
the density (and hence the values of A). When A exceeded 2.0 
the spectrum was assumed to be of Class A; when it was between 
2.0 and 1.6, of Class A5; and when it was between 1.6 and 1.2, 
of Class Fo. It should be borne in mind that the correlation here 
utilized, though fairly definite, is far from absolute, so that these 
estimates, and the numbers derived from them, are subject to 
considerable uncertainty. 

The most conspicuous characteristic of the parallaxes estimated 
as in Table II is their extreme minuteness. The mean parallax 
of all the 90 stars comes out only 070033. Only four of them 
(8 Aurigae, 8 Persei, W Ursae Majoris, and R Canis Majoris) 
have estimated parallaxes exceeding o”’01. The mean for the 
remaining 86 stars is 070023; 48 of these have estimated parallaxes 
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less than o’002, and 19 of these are below o’001. These small 
parallaxes are, however, confirmed by direct observation in the few 
cases in which observations have been made. ‘The observed values, 
corrected for the probable parallax of the comparison stars, are 
given in Table III, with weights, assigned by the writer on the 
basis both of the probable errors found by the observers and of the 
general reliability of the methods of observation. The probable 
errors of the weighted means are derived from the residuals for the 
individual determinations in the ordinary way. The values esti- 
mated in the present paper are repeated for comparison. 


rABLE III 


Star Observer Parallax Probable Error Weight 
Chase 0"044 07025 
8 Persei Russell . 0.O1! £0.025 q 
Flint ©.130 +0.026 I 
Mean observed parallax 0.048 +0 .019 
Estimated parallax 0.026 
Flint (1st series ©.000 +0.031 2 
5 ili Tikhoft . 0.023 +0.019 4 
} Irigae ye . ¢ 
; Flint (2d series 0.034 +0 .020 4 
Iewdokimow 0.150 +0.042 I 
Mean observed parallax o.034 £O.O15 
Parallax if a member of the 
Ursa Major group . . 0.019 
Estimated parallax ©.030 
Y Cygni Slocum... 0.005 +0.010 
Estimated parallax 0.004 


It would seem that direct observations for parallax are worth 
while, at present, only in the case of the four nearest systems, 
already mentioned; and even in these cases only the most precise 
methods, especially as regards freedom from systematic error, can 
be of any value. 

The extremely small parallaxes derived for the general run of 
these variables may seem surprising, because they are less than 
the probable mean parallaxes of all the stars of similar magnitude. 
But evidence is gradually accumulating that the stars of the ninth 
magnitude and fainter are for the most part of the “later” spectral 
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classes, and, since the eclipsing variables are mainly of Class A, 
there is no reason to suppose them typical of the whole. They 
may very well be (as is assumed here) stars of greater actual lumi 
nosity, and hence remoter than the general run of those of similar 
visual magnitude. 

It should, however, be expressly borne in mind that all the 
computations so far made depend upon the assumption that there 
is no loss of light by absorption in passing through interstellar 
space, even for thousands of years. If absorption of any kind 
exists, the estimated distances will be too great. 

Except for the very remotest stars, the correction to the esti 
mated parallaxes for absorption of light in space takes a remarkably 
simple form. Suppose that there exists a uniform absorption, 
amounting to d magnitudes for each distance of 32.6 light-years 
(corresponding to a parallax of o” 10). In the absence of absorp 
tion, the relation between the absolute and apparent magnitudes 
of any star would be 


m= M—5—5 log = 


but in the presence of absorption it will be 


d 
m= M 5 5 log T+ 5 


LOT 


If now z’ is the parallax estimated from the difference of the abso 
lute and observed magnitudes, on the hypothesis that there is no 


absorption, we shall have 


d 
5 log 7T 5 log 7 
lor 
whence 
,; : 617 d 
T= + 105% T - ¢ "=7r—0.0401 d+o0.00100~— + . (6 


Hence, except for very small values of 7, the correction for absorp- 
tion can be very approximately made, by adding to the parallaxes 
computed on the assumption that space is transparent the quantity 
o”0461 d. For example, King’ has recently concluded from a 
study of the color-indices of stars of known parallax that the value 


t Harvard Annals, 76, 10, 1914. 
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of d (corresponding as above to a distance of 32.6 light-years) is 
0.019 mag. for the visual rays, and 0.038 mag. for the photo- 
graphic rays. If these values are accepted, the correction to be 
added to the larger parallaxes determined from observed visual 
magnitudes is 070461 X 0" 019 or 0700088, while for parallaxes deter- 
mined from photographic magnitudes, it is 0’0018. For remote 
stars the correction is smaller, as is illustrated by Table IV, which 
is based upon the value d=o OIgQ. It appears, therefore, that. 
with this value of d, the mere addition of 070008 to all the estimated 
parallaxes will accomplish the correction for absorption within 


oooo1, except for a few of the remotest stars. 


rABLE I\ 
I 7 gw 7 I T I T T 
I 

10"0 10.00 19 10.19 9" 16 "84 
11.50 38 11.88 4.21 79 

5 13.01 ( Re ge 1.70 j 
1.5 14.12 [ay 15.390 >. 84 >. 66 
I 15.00 I.go 10.90 2.42 2.55 
5 10.50 3.50 D.3 >.00 41 


Other investigators, working upon the same assumption of 
a space-absorption varying inversely as the fourth power of the 
wave-length, have found smaller values of the coefficient d; for 
example, Kapteyn, for the visual rays, derives d=0.0030.' It is, 
however, not improbable that at least a part of any existing absorp- 
tion arises from the presence in space of sensible particles of matter, 
whose influence is the same for all wave-lengths, and that the 
values of the absorption coefficient derived from the color-indices, 
on the assumption just mentioned are too small. King’s value, 
o.o1g, for d will therefore be employed in the present discussion 
as indicating the order of magnitude of the effect to be expected, 
if it really exists. 

It appears then, that the introduction of corrections for such 
absorption would probably increase the mean parallax of the 
eclipsing variables here studied to little, if at all, above 0o’004, or 


{strophysical Journal, 30, 399, 1909. 
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0”003, if the four nearest stars are rejected. The very great dis- 
tances, exceeding 5000 light-years, which are computed above for 
certain stars, would, however, be greatly diminished. With d= 
0.019, the parallaxes and distances of the three remotest stars 
become: W Crucis, 0700068, 4900 light-years; SS Carinae, 0700078, 
4200 light-years; UZ Cygni, 0o’00102, 3200 light-years. It is note- 
worthy, too, that the estimates for the first two of these stars are 
based on photographic magnitudes. If King’s value of d for the 
photographic rays, 0.038, is adopted for these stars, their estimated 
distances are reduced to 3100 and 2800 light-years; but, for reasons 
already stated, this may be going too far. 

We may now consider the distribution of these eclipsing systems 
in space. Of the go stars, 64 lie between o° and 180° of galactic 
longitude, and only 26 in the opposite hemisphere. This is ob- 
viously a result of the much more thorough study which has been 
given to the light-curves of northern stars, and has no cosmical 
meaning. 

The distribution in galactic latitude is, however, significant. 
It is well known that the eclipsing variables are strongly concen- 
trated toward the Milky Way. For the stars here investigated 
the distribution is as follows: 


GALACTIC LATITUDE 


Number. ' Es 13 23 21 18 3 


The deficiency near the southern galactic pole is doubtless due to 
the paucity of observations in this region, which would also explain 
the slight preponderance of northern latitudes (48 as against 42), 
but, even if allowance is made for this, the density of distribution 
in the heavens is some six times as great within 1o° of the Galaxy 
as in the rest of the sky. When we pass from these apparent posi- 
tions to the real co-ordinates in space, it appears at once that these 
stars are strongly concentrated near the galactic plane. 

With the co-ordinates computed on the assumption that space 
is transparent, we find that 63 of the go stars are within 500 light- 
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years of the plane passing through the sun parallel to the galactic 
equator. Only 12 stars are more than tooo light-years from this 
plane, and but three more than 1500 from it, the extreme distances 
being —1600 and +1650. Of the distances projected upon the 
galactic plane, however, 28 are less than .1000 light-years, 23 
between 1000 and 2000, and 24 between 2000 and 4000, leaving 15 
exceeding 4000 light-years. 

This is in agreement with the accepted opinion that the region 
within which the stars are at all densely distributed extends much 
farther in the direction of the galactic plane than at right angles to 
it. The sun appears to be not far from the central plane of densest 
distribution. The mean value, with regard to sign, of R sin £ is 
+10 light-years; but we have seen above that the observational 
preference for northern stars has discriminated against those in high 
negative galactic latitudes, there being only 3 between —30° and 
—go° against 12 between +30° and +90°. The average distance 
of these 15 stars from the galactic plane is 820 light-years. If we 
assume that g similar southern stars have so far escaped the detailed 
observation necessary for the calculation of their orbits, but would 
be included if the whole heavens had been impartially studied, their 
inclusion would make the general mean for R sin 8 —6s5 light-years. 
It seems therefore probable that the sun is slightly, but sensibly, to 
the north of the median plane of the system of stars. 

The average distance, regardless of sign, of the stars from the 
plane passing through the sun, is 436 light-years (which would be 
raised to 470 by the inclusion of additional southern stars as 
assumed above). The computed average distance from the galactic 
plane appears, however, to be to some degree a function of the dis- 
tance projected on this plane, as is shown by Table V (in which 


TABLE V 
Lrmits oF R cos 8 


> tO 1000 [1000 to 2000 2000 to 4000) Over 4000 |All Together 


Number of stars. eee 28 23 24 


2 I5 go 

Mean of Rcos8........ ; 550 1470 2820 6550 2400 
Mean of R sin 8 regardless of 

sign ee LOTR 256 485 444 685 430 
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all distances are given in light-years). The inclusion of more 
stars near the southern galactic pole (for most of which R cos £ is 
relatively small) would raise the first of the quantities in the last 
line to about 370 light-years; but a decided progression would still 
exist. It does not appear very probable that the thickness of the 
region within which the stars lie actually increases with increasing 
distance from the sun; the alternative suggests itself that the dis- 
tances of the remoter stars have been overestimated, as would be 
the case if their light suffered absorption in reaching us. 

It seemed, therefore, desirable to recompute their positions, 
assuming a coefficient of absorption of 0.019 as discussed above. 
The resulting distribution may be summarized as in Table VI. 
The tendency toward increase of the computed thickness of the 


TABLE VI 
Limits oF R cos 8 
4 5 oO cox oO x oO ] 
bn isd 500 to 1000 t 1500 t 2000 tO [Over ae0, All 
Ion 1500 20a 250 Together 
Number of stars 14 23 17 18 9 9 go 
Mean R cos B 300 740 1230 1730 280 3150 1350 
Mean R sin § regardless 
ot sign 215 z15 270 2905 »40 30 250 


starry region with increasing distance has now disappeared; but it 
would be premature to regard this as evidence of the reality of the 
absorption of light in space. 

However this may be, it is evident that the extension of the 
region occupied by these stars is several times greater in all direc- 
tions along the galactic plane than it is at right angles toit. In the 
latter direction, the limit of the region in which the stars are at all 
thickly sown is reached far within the distance at which they would 
become invisible in small telescopes; while along the galactic 
plane there is no evidence that our present studies have penetrated 
to the limit. 

All these conclusions are in excellent agreement with those 
recently derived by Hertzsprung from a study of the short-period 
variables, on principles very similar to those of the present dis- 
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cussion.’ He finds, from the parallactic motions of 13 of these 
Cepheid variables, which appear in Boss’s Preliminary General 
Catalogue, that their mean absolute magnitude, on Kapteyn’s scale, 
is —2.3+0.5. Combining this with Miss Leavitt’s discovery 
that among the variables in the Small Magellanic Cloud (whose 
periods and light-curves resemble those of the stars under consid- 
eration) the logarithm of the period increases with the mean bright- 
ness at the rate of o.48 for each magnitude, and assuming the same 
law to hold for the isolated variables of short period, he deduces 
an expression for the mean absolute magnitude of such a variable 
which, on Kapteyn’s scale, becomes 
M=-—2.3-—2.1 log 2 

when P is the period in days. Parallaxes and distances may then 
be computed for all the variables of this class whose periods and 
range of magnitude are known. 

As no detailed list of parallaxes, etc., is given in Hertzsprung’s 
paper, the writer has recomputed the parallaxes and co-ordinates 
in space for the 67 available stars found in the list in the Harvard 
Annals, 56, 191 fi. (excluding as Hertzsprung does those with 
periods less than one day, which appear to form a class by them- 
selves). This material is identical with Hertzsprung’s (except that 
SZ Centauri has been excluded, since it is now known to be an 
eclipsing variable), and the only addition to his results has been 
the computation of distances, co-ordinates, etc., on the assumption 
that space-ahsorption exists, with the coefficient d=o0.o19 (as 
above). The results of this discussion are strikingly similar to 
those derived above for the eclipsing variables. The short-period 
variables appear to be, on the average, about half as far away again, 
their computed mean distances being 4100 light-years if space is 
transparent, and 2040 with the assumed coefficient of absorption, 
as against 2400 or 1350 light-years for the eclipsing variables. This 
difference arises from the differences in the real luminosity of the 
two sets of stars, only 8 of the go eclipsing variables having esti- 
mated absolute magnitudes as bright as the faintest of the others. 


* Astronomische Nachrichten, 196, 205, 1913. 
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Since the search for variable stars has been carried down to about 
the same apparent magnitude in both cases, the difference in the 
mean distance is natural. 

The short-period variables, however, are much more closely 
concentrated about the galactic plane than the others, their aver- 
age distances from it being 260 light-years if there is no absorption, 
and 172 with the assumed absorption, while the corresponding 
values for the eclipsing variables are 436 and 280 light-years. 


rABLE VII 


\. Space AssuMED TRANSPARENT 


Liuits oF R cos 8 

to 200 2000 to 3000/3000 to 60 Over 600 All Together 
Number of stars 17 16 I< 19 67 
Mean R cos 8... 1080 2500 4100 8100 4100 
Mean R sin 8 regardless of sign* 158 214 285 268 260 

B. ABSORPTION WITH d=1.019 
Liuits or R cos 8 

to 100 1000 to 15 1500 to 2000' 2000 to 30001 Over 30 All Together 
Number of stars. 11 8 19 14 15 67 
Mean R cos 8... 670 1220 1720 2440 3400 2040 

Mean R sin § regard 

less of sign*. 151 131 127 151 62 172 


* These distances are measured from a plane passing roo light-years south of the sun 


The median planes of the two sets of stars are apparently nearly 
coincident, if allowance is made for the effect of observational 
preference for northern eclipsing variables.'’ If space is trans- 
parent, the median plane for the eclipsing variables appears to be 
65 light-years south of the sun, and that for the short-period vari- 
ables 125 light-years south of the sun. The introduction of 
absorption reduces these distances to 40 and 75 light-years, 
respectively. 

t No such allowance need be made for the stars of short period because the obser 


vational material required to furnish the data needed in the computations is very 
much less, and the necessary information is available for all parts of the heavens. 
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The same curious increase in the computed mean distance from 
the galactic plane with increasing distance from the sun is seen in 
Hertzsprung’s figures, and the introduction of the hypothesis of 
absorption again removes it, as is shown by Table VII, A and B, 
similar to those already given. 

The reappearance of this phenomenon with these quite inde- 
pendent data lends some support to the idea that it is really evi- 
dence of the absorption of light in space. 

It may be desirable to add a table (VIII) showing in somewhat 
greater detail the distribution of the distances of the stars from the 
galactic plane. 


rABLE VIII 


DISTANCE FROM GALACTIC PLANE IN LIGHT-YEARS 
“Sic $ei8ea} Ss : $ei189|38¢e9/|8 
= 6x r 7 a + he LH - 
a fe) Q Q 9 Q Q Q ° oe 
> - x S = s ari) <r, or) a > 
a f n n f < 
\. No absorption 
Eclipsing variables 6 3 I 6 9 | 17 | 20 | 12 3 7 I 
Short-period variables I I 6 i «3 | t3 | 7 | 22 2 3 
B. d=0.019 
Eclipsing variables 3 2 7110] 20 | 26 | 10 7 ° 5 
Short period variables I 7 22 24 12 


The results of the independent, though similar, investigations 
of Hertzsprung and of the writers may be summarized as follows: 

A considerable majority of the eclipsing variables, and almost 
all those of short period, lie within a region bounded by two planes 
1000 light-years apart, and parallel to the galactic equator, whose 
median plane passes about 100 light-years south of the sun. Almost 
all the rest of these stars lie within 500 light-years on each side of 
this region. Within this region, the stars extend in all directions 
to the limit of the present investigations. This limit, if space is 
transparent, must be at least 8000 light-years. The assumption of 
a plausible amount of absorption of light in space cuts this down 
to about 4000 light-years, and removes the anomaly of the appar- 
ent widening-out of the starry region with increasing distance from 


the sun. 
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ce 


Our “‘universe”’ of stars must be at least some thousands of 
light-years in diameter. The best available method of finding its 
limits (if these are not set by the absorption of light) is by the 
investigation of very faint variable stars of the Cepheid type. 
The rarity of variables among the fainter stars in the Milky Way’ 
suggests that a limit exists, and is accessible to present means of 
investigation. It is of interest in this connection that Hertz- 
sprung (assuming space transparent) has found a distance of 
30,000 light-years for the Small Magellanic Cloud.’ If at this dis- 
tance, it must be about r1ooo light-years in diameter, and a small 
affair compared with the star cloud of which the sun is one of the 
fainter members. 
PRINCETON UNIVERSITY OBSERVATORY 
August 15, 1914 


*D’Esterre, M.N., 74, 308, 537, 1914. 2 Loc. cit. Misprinted as 3000. 











AVOGADRO’S CONSTANT AND ATMOSPHERIC 
TRANSPARENCY’ 
By F. E. FOWLE 


In an earlier number of the Astrophysical Journal? were derived 
values for the vertical transmissibility (a,,) of radiation through 
dry air above Mount Wilson together with certain correction 
factors (a%,) by which these could be altered for moist air contain- 
ing w cm of precipitable water in the form of vapor. By means of 
Rayleigh’s formula connecting the scattering of light passing 
through a gas with the number of molecules present, these dry-air 
coefficients were used to compute the number of molecules 1, 
per cubic centimeter of a gas at 76 cm pressure and o° Centigrade. 
This formula of Rayleigh’s has been shown to be consistent with 
very different light-theories From n,, NV, Avogadro’s constant, 
or the number of molecules per gram-molecule, directly follows. 
A gram-molecule is the amount of a substance equal to m grams 
where m is the molecular weight of the substance. The approxi- 
mate agreement of these rather rough determinations of m, with the 
best value of this constant from other methods was used as an 
argument for the correctness of our determinations of the atmos- 
pheric losses in solar-constant computations. 

It is perhaps worth while to redetermine with greater refine- 
ments the value of Avogadro’s constant derived by this method. 
Mr. L. V. King,‘ regarding the process based upon molecular scat- 


* Published by permission of the Secretary of the Smithsonian Institution. 

? Astrophysical Journal, 38, 392, 1913. 

3 Rayleigh, Encyclopaedia Britannica, 11th ed., XXV, 202 (‘“Sky’’), 1911; 
Natanson, Bull. intern. de l’ Académie des sciences de Cracovie, January 5, 1914. 

4 Philosophical Transactions of the Royal Society of London, 212 A, 375, 1913. 
Nature, 93, 557, 1914. It is somewhat incorrect to state that our transmissibility 
coefficients rest “ultimately on the ratio of two galvanometer deflections ... . 
quantities measurable to well within 1 per cent”’ (/oc. cit.). Their accuracy depends 
rather on the constancy of the sky during about 2 hours for which our 6 observations 
furnish some indication. In those parts of the spectrum little affected by water 
vapor an accuracy considerably better than 1 per cent is generally obtainable. 
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tering as of considerable value as an independent method of deter- 
mining this constant, has used our observed moist-air coefficients 
for this purpose but has proceeded along quite a different path 
to his end. It is proposed to offer a comparison of our procedures. 


OBSERVATIONS 


Briefly, the following is the method of deriving the dry-air 
transmission coefficients which will be used in my _ procedure. 
They were obtained for Mount Wilson at 30 different wave-lengths 
between 0.34mu and 2.24u. The logarithms of the observed 
transmission coefficients were plotted as ordinates against the 
corresponding quantities of precipitable atmospheric moisture as 
abscissae, and the best representative curves (which appeared 
to be right lines) were produced by a short extrapolation to zero 
of moisture. From the consideration of the slope of these right 
lines, factors expressing the effect of water vapor on the atmos- 
pheric transmission were determined for the 30 wave-lengths. 
The process and results are given in more detail in the paper cited. 

In Table I are given the data thus obtained. In columns two 
and three will be found the zenith transmission coefficients for 
radiation through dry air above Mount Wilson (a,,), altitude 
1730 m, barometer 62.3 cm, for tg10-1911 and 1913 respectively. 
During 1912 the variability from day to day in the amount of dust 
suspended in the atmosphere subsequent to the eruption of Mount 
Katmai’ rendered the values then obtained useless for the present 
discussion. The column headed A contains the fractional devia- 
tions of the 1913 observations from the earlier mean and probably 
indicates the presence of a remnant of the suspended dust from 
the Katmai eruption causing still a loss of from 2 to 3 per cent; for, 
assuming a, the coefficient of transmission for this dust at the 
wave-length \ during 1913, then the fractional deviations are 


Ai910 totr Zro13_ Lad ~Aaadda _ 
Gyo10—1911 dar 


or the amount of radiation lost because of the dust. 


t Annals of the Astrophysical Observatory of the Smithsonian Institulion, 3, 211, 


1913; Smithsonian Miscellaneous Collections, 60, 1, 1913. 
5 
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The observations of 1913 were excellent in quality throughout 
the spectrum, whereas those of 1910-1911 both in the infra-red 
and in the ultra-violet were less satisfactory. Accordingly for the 
first three ultra-violet places in the 1910-1911 column where field- 
light doubtless made the values of my earlier communication too 


TABLE I 


ATMOSPHERIC TRANSPARENCY AND Mo 


[RANSMISSION COEFFICIENTS 


Wav REFRA‘ 
Lenora Dry AIR, dg) WATER VAPOR, @,,,, } TION 
\ COEF 
I.o 
,IO-IQI1 Ig! A pow Ig! Mean 
M3504 0.632 614 0.028) 10.917 |0.933 |0.925 |0.459 3010 , 
3000 655 637 028 940 948 044 423 300 2 275X 10° 
3709 0350 667 025 959 923 941 377 2904 273 
3535 713 O59 033 959 929 044 335 2950 204 
3074 752 736 O19 g02 g02 g02 255 2975 271 
$127 793 793 020 905 935 952 245 2970 2609 
4307 S508 792 020 g03 044 050 212 29002 250 
4510 540 S10 0290 907 055 gol 174 2054 202 
4753 503 530 031 973 g51 g62 147 2047 
5020 8385 859 029 976 957 966 122 2930 Mean= 
5345 595 573 025 gdso 9604 Q72 105 2931 205X 10! 
5742 gO5 877 O31 974 966 970 100 2924 
5950 O13 555 O31 975 073 O75 og! 2921 
02%5 020 507 034 Q77 073 O75 074 2015 
05 3¢ Q3d o10 023 Qd7 O75 Oo! 004 2915 
OS55 059 035 025 O55 077 Ooi O419 20qII1 
97° 047 024 Q59 077 993 0304 2907 
44 979 956 024 935 977 981 0212 2904 
S130 Qgd5o 955 022 QQO Qo! O55 0202 (2901 
5034 Qd2 g05 O17 950 953 956 O1d2 
». QSOI Q57 074 O12 gg! 939 Gogo O13! 
1.1474 Q57 073 O14 Qd5 Qgdd Qgd5 O31 
I. 3019 o86 980 006 9900 934 987 OI4! 
1.4520 959 954 005 gd58 gd5 gd5 Olli! 
1.0032 O53 950 0.004 0.950 Qd4 Q55 |O.O17!I 
1.7358 O35 950 9590 
1.570 Qd54 O57 Q57 
CO 0.9523 0.950 0.950 


high, new values have been computed from the excellent coefficients 
of the 1913 column assuming A=o.028. Because of the less 
satisfactory character of the infra-red values especially for the 
observations of 1910-1911, the falling-off of the fractional devia- 
tions in the infra-red may not be real. The average of the 16 
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better values of column 4 gives 0.027 as the scattering due to the 
dust in the air above Mount Wilson during 1913. 

The next three columns give the correcting factors (a@,,) for 
1cm precipitable water in the form of atmospheric vapor for 
IQIO-IgII, 1913, and the mean, respectively. When the altitude 
of a station is such that dust is practically absent, say above 1000 
meters, the transmissibility of radiation from a celestial body at 
a zenith distance z through the atmosphere when it contains w cm 
of precipitable water vapor and the barometer reads p cm, is' 


5 p/70 wt sec z 
»\@aa)! Awa)” § 


No account is taken by this formula of selective absorption. 
Then follows a column containing values of the “coefficient 

of attenuation”’ k which are related to a by the equation log, a,,=k. 

The coefficients of refraction are from values determined for dry 


air by Kayser and Runge.’ 
AVOGADRO'S NUMBER 


The determination of Avogadro’s number from the observed 
scattering of radiation in passing through a gas is based upon 
Rayleigh’s formula. If , is the number of molecules in a cubic 
centimeter of a gas at o C. and 76cm pressure, & as defined in 
the last paragraph, m the index of refraction, \ the wave-length 
in centimeters of the radiation, p the atmospheric pressure in 
centimeters and equal to 62.3 at Mount Wilson, H the height in 
centimeters of a homogeneous atmosphere at o° C. producing a 
pressure at its base of 76cm and equal to 7.99105, then Ray- 
leigh’s formula may take the form: 

p32 (n— 1)*Hp . 


3MA476 


N, Avogadro’s number, =”, X 32 (molecular weight oxygen) X 699. 7 
(cubic centimeters of oxygen o° C., 76 cm pressure, weight 1 gram) = 
22390M,. If dust is present in appreciable amount in the atmos- 


* See Meteorologische Zeitschrift, 31, 270, 1914; Monthly Weather Review, 42, 2, 
1914. Comparisons are given in these communications of computations by this 
formula with actually observed transmissions for altitudes of 50, go, 100, 1160, 1730, 
1950, 3260, and 4420 meters. 


2 Abhandlungen Akademie der Wissenschaften in Berlin, 1893. 
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phere then (k—d) must be equated to the above expression, k 
being the coefficient of attenuation belonging to the dust. 

In the upper curve of Fig. 1 are plotted the values of a,, (column 
2 of the table) as ordinates against the corresponding wave-lengths 
as abscissas. In the lower curve the values of k (column 8) are 
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Upper curve: ordinates, transmissibility of radiation through dry air vertically above 
Mount Wilson, 1910-1911, (dgq); abscissae, wave-lengths in « 


Lower curve: ordinates, values of k, wnere log, dggh=k: abscissae, \~4& 107! 


used as ordinates against those of A~* as abscissas. In the 
equation for k, were d zero and m constant, then the points of the 
latter plot should lie on a right line passing through the zero of 
co-ordinates. Mr. King makes plots similar to this last one except 
that the observed k’s for moist air are used. Subsequently our 
procedures and interpretations diverge. He assumes that d is 
not zero and passes the best right line through the points from the 
ultra-violet up to about 0.6104. Then he proceeds to draw a 
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steeper right line through the remaining points of longer wave- 
lengths. It is difficult to see the physical significance of this latter 
step or why the scattering due to the dust should suddenly and 
rapidly decrease in this part of the spectrum. Indeed he states 
“the precise cause of this well marked discontinuity furnishes a 
point which must be left for further investigation.” The slant of 
the line for the violet end taken with a mean value of the index of 
refraction gives his value for 7,. 

To me it seems the data admit of a very different interpretation. 
In my view the run of the dry-air coefficients is consistent with a 
practically dust-free air above Mount Wilson and the departures 
of the points between wave-lengths 0.47 uw and 0.76 yu from the 
representative right line are due to the selective absorption of the 
gases of our atmosphere. In this region Rowland gives some 440 
atmospheric lines exclusive of those due to water vapor. When 
this region is passed the points naturally approach the right line 
again. Rayleigh’s formula does not hold for selective absorption 
and therefore the points in this region should be omitted from the 
discussion. 

Returning now to the table, in the last column are given the 
values of m) as computed separately for the upper 7 starred points 
in the lower plot. Their mean gives 


No = 2.68 X 10", N=6.00X 10 


The values of the infra-red points where they next approach 
the representative right line have not so much weight, for here 
a change of 1 per cent in the observed values of the atmospheric 
transmission changes k, and therefore n, and N, by too per cent. 
The effect of a very small loss due to dust would therefore greatly 
influence values determined from the infra-red observations alone, 
whereas it would have comparatively little effect on the violet 
values. Attention has already been called to the fact that these 
infra-red points were not very satisfactorily determined during 
1910-1911. However, using the red-end values of the greatest 
wave-lengths for which the indices of refraction are known, 0.76 u 
and 0.81 uw, together with the seven values just used and the more 
complete equation containing d, a least-squares reduction gives 


Ny = (2.73+0.02) X10", N =(6.11+0.05) X 1073 d=0.005+0.002 
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The value of a corresponding to d=0.005 is 0.995, showing a 
very small loss due to dust during the years 1g10-1911 as already 
inferred. 

Since the first three values of the 1910-1911 column built up 
from the 1913 data may be open to some criticism, a least-squares 
reduction using the same wave-lengths and the more complete 
equation has been made for the 1911 data. The following values 


resulted: 


No = (2.69+0.03) X10", V=(6.02+0.06)X10%, d=0.026+0.003 


The value of a corresponding to d=0.026 is 0.974 or a loss due to 
the dust in the air for tg911 of 0.026 corresponding very closely 


with the mean obtained from column 4 or 0.028. 


SUMMARY 


In the foregoing communication are given coefficients for the 
transmissibility of radiation of various wave-lengths through the 
dry air vertically above Mount Wilson together with factors and 
formula for computing the transmissibility for moist air for other 
zenith distances and altitudes where dust has become a negligible 
quantity (above 1ooo meters). No account, however, is taken in 
the formula of selective absorption. 

By means of Rayleigh’s formula connecting the scattering of 
light passing through a gas with the number of molecules, these 
coefficients have been used to compute the number of molecules n, 
in a cubic centimeter of a gas at 76cm pressure and o° C. The 
merits of the present reductions over those of my earlier paper lie 
in using the index of refraction proper to each point in place of a 
mean value, in better values for k, and in a more accurate value of 
p, the value before used being taken at an appreciably higher 
altitude on the mountain than our observatory. The mean 
results give 

Ng=(2.700.02) X10” 


Avogadro’s number, or the number of molecules per gram-molecule, 
corresponding to this value is 


N=(6.05+0.04) X 1073 
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The agreement of the above value for m., 2.70 10", with what 
is perhaps the best value from other methods, 2.705+0.005X 10" 
(Millikan), must give weight to the accuracy of the estimation 
of the atmospheric losses in the determinations of the solar radiation 
by the Smithsonian Observatory. 

A remnant of the volcanic dust from the eruption of Mount 
Katmai, Alaska, in 1912, scattering somewhat less than 3 per cent 
of the incident solar radiation, is indicated by the 1913 transmission 
coefficients. It is perhaps worth noting that, fine as this dust 
must be to have remained suspended in the upper air over a year, 
its scattering of radiation scarcely varies with the wave-length, at 
least between the limits 0. 38 uw and 0.81 uy. 

ASTROPHYSICAL OBSERVATORY 

SMITHSONIAN INSTITUTION 
WASHINGTON, D.C. 
August 1914 
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NEW VARIABLES IN THE CENTER OF MESSIER 3 
By HARLOW SHAPLEY 


In the investigations of the variable stars in the globular cluster 
Messier 3 by Professor Bailey at Harvard,’ the central portion could 
not be studied successfully on his plates because the great density 
of stars made it impossible to distinguish individual images. Thus 
practically all of the region within one minute of arc of the center of 
the cluster has remained unexplored. Outside the central burned- 
out nucleus Bailey found 137 variables,’ and for 110 of them has 
determined the periods and light-curves, finding that in all cases 
the periods are shorter than eighteen hours and that the variation 
is of the typical cluster type. Judging from the relation between 
the number of variables and the total number of stars at different 
distances from the center, Bailey estimated that there should be 
about twelve more variables in the central part of the cluster. 

Photographs of the cluster made with the 80-foot-focus Casse- 
grain combination of the 60-inch reflector have a scale sufficiently 
large to permit a relatively easy examination of the individual 
brighter stars of the central region. Six plates have been obtained 
on three different nights, three with exposures of an hour each and 
three with exposures of fifteen minutes. The intercomparison of 
the plates in the Zeiss stereocomparator resulted in the discovery of 
more than 30 new variable stars. For several of these it is not 
possible to be absolutely certain of the variation, because either 
the ranges are small or the variation is observed on only two of the 
plates available. For 23 of the stars, however, there can be no 
doubt of the variability. It may be possible later to add a few 
more to this list of variables from among those suspected. Only 
two of the 23 are more than one minute of arc from the center of the 
cluster. The outer portions of the cluster were not systematically 


* Contributions from the Mount Wilson Solar Observatory, No. gt. 

? Harvard Annals, 38; ibid., 78, Part I. 

’ The later measurements of the plates at Harvard indicate that about five stars 
of the original list are probably not variable and that a few others are somewhat 


doubtful. 
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examined, for Bailey’s thorough study no doubt makes that 
unnecessary. 

In Table I the new variables are listed in order of right ascension. 
All but two of them are contained in von Zeipel’s catalogue of 
Messier 3, which gives the positions of 1571 stars.'_ The numbers 
in the second column of Table I, and the right ascensions and 
declinations in the third and fourth columns are taken from that 
work. For No. 1 and No. 14 the positions were determined by 
reference to neighboring stars. In a large number of cases the 
catalogue position refers to the mean place of a double, triple, or 
multiple star which could not be resolved on the plates measured 
by von Zeipel and usually was not even suspected of being other 
than a single star. In such instances the notes following the table 
indicate which component is the variable. 

The last two columns of Table I give, respectively, the maximum 
and minimum magnitudes observed on my plates. These numbers 
should not be taken as in any way indicating the total range. For 
many of the variables the length of the exposure no doubt mini- 
mizes the brightness at the sharp-pointed maxima; and many of 
them may be very close composite stars with one component 
varying through a large range, but without having conspicuous 
effect on the image of the composite mass. The magnitudes are 
based on estimates referred to Bailey’s series of comparison stars 


as standards. 


NOTES ON THE INDIVIDUAL STARS IN TABLE I 


No. 1.—The new variable is the preceding companion of von Zeipel’s 
No. 486, which is also Bailey’s variable No. 29. Bailey partially resolved the 
double and considered at least one of the pair variable. Both components 
vary through a wide range. 

No. 3.—Von Zeipel thought this was perhaps a double and made measures 
on the two ends of a nebulous streak as well as upon the middle. The star 
appears single on the Mount Wilson plates. (No star is seen in the neighboring 





catalogued position of No. 655.) 
No. 4.—This is apparently a composite star, but it is the central nucleus 


that undergoes variation. 


t Annales de l’Observatoire de Paris, 25, F1—F 101, 1908. 
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No. 5.—Von Zeipel’s No. 676 is composed of five distinct stars, of which 
the variable is the brightest and most centrally located. 

No. 7.—The variable is the brighter and southern component of a close 
double. 

No. 9.—Von Zeipel’s position refers to the center of mass of the image of a 
double. The variable precedes its faint companion and at minimum is equal 
to it in brightness. 


TABLE I 


NEW VARIABLE STARS IN MESSIER 3 


MAGNITUDE 
Von ZEIPEL’s , : = 








No. Women a@ 1900 & 1900 
Maximum Minimum 
13537m 28° 
Bi orcidics waren ena teee 30°12 51’ 4675 15.4 16.9 
2 620 32.785 52 1.31 15.6 17.0 
errr 638 33.005 53 16.59 16.0 16.8 
4 654 33.151 52 390.27 16.2 16.7 
5 676 33-440 52 31.47 15.2 16.8 
6 678 33-479 52 18.38 15.5 r6.8 
7 698 33.810 53 30.42 15.3 10.7 
8 703 33.870 52 19.52 16.6 17.1 
9 714 33-970 53 15-94 15.4 10.9 
10 742 34-393 52 10.45 15.0 17.0 
a 749 34.469 53 28.57 16.0 17.4 
12 799 34-797 53 21.37 10.3 17.0 
13 783 34-905 53 3-42 14.3 14.9 
14 : 35-35 52 50.8 15.9 17.2 
Is 881 30.140 52 52.590 16.0 160.9 
16 892 30.344 52 47.33 15.3 15.7 
17 gol 30.408 “3 3.74 15.0 16.8 
18 944 37.116 53 8.76 [§.7 16.8 
a ere g50 37.178 52 28.92 15.5 +) 
20 985 37.660 53 27.22 s.. 16.5 
21 1052 38.665 -— 6€.532 10.5 17.4 
22 1092 39.538 53 9.70 16.3 16.9 
23 1193 42.104 51 59.27 15.7 16.8 


No. 12.—The variable is the following component of a close double. 

No. 16.—The variable is one of a group of stars whose images are partly 
superposed. The variation is very definite, though small; it would probably 
be measured much larger if the variable could be isolated. 

No. 17.—The variable is the most southern member of a triplet. 

No. 19.—Two or three faint companions precede the variable. Von Zeipel 
thought the image irregular in form. 

No. 21.—The variable is the northern, following component of a double. 

No. 23.—Von Zeipel’s No. 1193 is a close double, two minutes of arc 
distant from the center of the cluster. The variable, which is the preceding 
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component, is brighter than its companion at maximum and fainter at minimum. 
It is not certain that the companion does not also undergo an appreciable 
variation. 

It is to be noted that one-third of the new variables are equal 
to or fainter than17™o at minimum. The faintest minima observed 
by Bailey were 16™9,and he has suggested that the apparent absence 
of variables among the thousands of fainter stars is probably real. 
It is not possible from the data now available, beyond the evidence 
of the above table, either to support or to oppose this hypothesis, 
but in the next observing season it is proposed to secure plates 
that will definitely decide the matter. The light-curves and periods 
have of course not been determined for the new variables, but they 
are presumably analogous to those derived by Bailey for stars more 
distant from the center. 

Table II contains the data relative to the stars suspected of light- 
variation. The arrangement is the same as in Table I, and the 
notes explain some of the individual cases. 

TABLE II 
STARS SUSPECTED OF VARIATION 


| MAGNITUDE 
No | Von ZEIPEL’s 


NUMBER hci oo 
Maximum Minimum 
13537™ 28° 
eee 604 32°407 53° 16% 29 16.5 16.8 
Raitase ate 624 32.806 52 42.25 re pas 
ate atgicy aa aeieaeacsias * 32.07 52 52.1 16.0 16.5 
See ee eee 666 33-323 53 14-79 16.3 16.6 
ere 702 33.866 52 28.34 15.5 15.8 
ijidiadie sete 705 33.878 53 30.93 15.5 16.0 
. eee 712 33-952 53 4.89 15.7 16.5 
Piivweecen sw 720 34.119 52 30.95 
erates 894 36.362 53 52.23 
ee ee ere 1007 38.036 53 49.59 16.5 16.9 
a eee Stans satenae sbevanid 38.58 I I ice pc eional fabs eialers ood’ 
neicin ahaa 1106 39.988 52 38.22 17.2 17.6 
Oe peesesaes 1142 40.867 DED 2o0.4.6:65 0a ele NG deanen eo a 


NOTES ON THE INDIVIDUAL STARS IN TABLE II 
No. 2.—Von Zeipel’s 624 is a triplet. It is difficult to tell which of the 
stars varies, but it is probably the following component. 
No. 7.—The suspected variable is one or other of the two brightest stars 
in the composite mass catalogued as No. 712. 








NEW VARIABLES IN THE CENTER OF MESSIER 3 447 


No. 8.—This star is apparently somewhat out of the position given by von 
Zeipel. It was at the limit of measurement on his plates. The variability 
is doubtful. 

No. 9.—This extremely close double is Bailey’s variable No. 2. It is 
almost certain that both components are variable. The preceding component 
varies through a range of a magnitude at least. 

No. 10.—The suspected star is the faint preceding companion to von 
Zeipel’s No. 1007, for which the position is given in the table. 

No. 12.—A defective image may be the cause of the suspected variability. 

No. 13.—The suspected star is the closest of the two faint preceding com- 
panions to von Zeipel’s No. 1142, for which the position is given in the table. 


Several variables of Bailey’s list, which were found by him to 
be difficult of separation from surrounding stars or which for other 
reasons could not be studied or definitely proved variable, were 
examined on the Mount Wilson plates. The results are collected 
in the following notes. The numbers are those assigned in Harvard 
Annals, 78. 


No. 2.—See the reference to this star in the note on No. 9 in Table II 
above. Only a very small range was observed at Harvard and no period was 
derived. 

No. 4.—This relatively bright star was suspected of a small variation at 
Harvard. Mount Wilson plates show a variation from 14"0 to 15™3. 

Nos. 8, 30, 73, 95, 98, 127, 129, and 130, all of which are stars concerning 
whose light-variability there is some question, show no appreciable variation on 
the Mount Wilson plates. 

The suspected variability of No. 99 is definitely confirmed. 

The variability of No. 122, doubted by Bailey, is established. The star 
is a Close triplet and the variable is apparently the following, southern com- 
ponent. 

Nos. 135 and 136.—Bailey writes concerning both of these stars, which 
are near the center of the cluster and difficult, that the variation, if genuine, is 
very small, though when first examined the stars seemed to vary. For the 
former the variation measured at Mount Wilson is from 15™3 to 16™8, and for 
the latter from 15™7 to 16™6. 


Mount WILSON SOLAR OBSERVATORY 
August 13, 1914 











ON THE NATURE AND CAUSE OF CEPHEID VARIATION’ 
By HARLOW SHAPLEY 


The purpose of the present discussion is an attempt to investi- 
gate the question of whether or not we should abandon the usually 
accepted double-star interpretation of Cepheid variation. In ad- 
dition to the brief statement of some general considerations and 
correlations of the many well known characteristics of Cepheid 
and cluster variables, certain recently discovered properties of these 
stars are discussed in greater detail, because chiefly upon them are 
based the conclusions reached in this study. 

It seems a misfortune, perhaps, for the progress of research on 
the causes of light-variation of the Cepheid type, that the oscilla- 
tions of the spectral lines in nearly every case can be so readily 
attributed, by means of the Doppler principle, to elliptical motion 
in a binary system. The natural conclusion that all Cepheid vari- 
ables are spectroscopic binaries has been the controlling and 
fundamental assumption in all the recently attempted interpre- 
tations of their light-variability, and the possibility of intrinsic 
light-fluctuations of a single star has received little attention. 

From the very first there have been serious troubles with each 
new theory. Considered from the spectroscopic side alone, the 
Cepheids stand out as unexplainable anomalies. There are per- 
sistent peculiarities in the spectroscopic elements, such as the low 
value of the mass function, the universal absence of a secondary 
spectrum, and the minute apparent orbits. Practically the only 
thing they have in common with ordinary spectroscopic binaries 
is the definitely periodic oscillation of the spectral lines, which 
permits, with some well known conspicuous exceptions,’ of 

*Contributions from the Mount Wilson Solar Observatory, No. 92. Read at the 
seventeenth meeting of the American Astronomical Society, August 1914. 

2 The irregularities in the velocity-curve of ¢ Geminorum have been discussed by 
Campbell (Astrophysical Journal, 13, 94, 1901), Russell (Astrophysical Journal, 15, 
260, 1902), and Plummer (Monthly Notices, 73, 661, 1913). The deviations from 
purely elliptical motion in the case of W Sagittarii have been considered by Curtiss 
(Lick Observatory Bulletins, 3, 36, 1904; Astrophysical Journal, 20, 149, 1904); in the 
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interpretation as periodic orbital motion. Adding, then, to the 
spectroscopic abnormalities the curious relations between light- 
variation and radial motion, the difficulties in the way of all the 
proposed simple solutions seem insurmountable. Geometrical ex- 
planations of the light-variation fail completely, and little better 
can be said of the hypotheses that involve partly meteorological 
and partly orbital assumptions. 

The writer can offer no complete explanation of Cepheid varia- 
bility as a substitute for the existing theories that are shown to be 
more and more inadequate. At most, only the direction in which 
the real interpretation seems to lie can be pointed out, and an 
indication given of the strength of the observational data that 
would support the theory developed along the lines suggested. 
The principal results of a rather extensive investigation, further 
details of which it is hoped can be published in subsequent papers 
in the near future, are outlined in the following paragraphs. The 
main conclusion is that the Cepheid and cluster variables are not 
binary systems, and that the explanation of their light-changes 
can much more likely be found in a consideration of internal or 
surface pulsations of isolated stellar bodies. 


THE ESSENTIAL IDENTITY OF CEPHEID AND CLUSTER VARIABLES 


The subdivision of the short-period variables into the cluster 
type and the Cepheid type is an artificial one. This proposition 
scarcely needs proof, although the assumption of the essential simi- 
larity of the two groups is important in the following discussion. 
Practically all writers on the subject are more or less inclined to 
accept this view." The definition of the cluster-type variable is, 


case of Y Ophiuchi by Albrecht (Lick Observatory Bulletins, 4, 134, 1907) and later by 
Zurhellen (Astronomische Nachrichten, 177, 329, 1908) and Miss Udick (Publications 
of the Allegheny Observatory, 2, 151, 1912); in the case of RT Aurigae by Duncan (Lick 
Observatory Bulletins, 5, 120, 1909). For many Cepheids the total range of velocity 
variation is so small that secondary oscillations and other irregularities of con- 
siderable relative importance may easily be lost in the accidental errors (Curtiss, 
op. cit., Pp. 39). 

* See, for instance, Nijland, Hemel en Dampkring, April 1913; Williams, Journal 
of the British Astronomical Association, 23, 134, 1912; Kiess, Publications of the Astro- 
nomical Society of the Pacific, 24, 191, 1912, and 25, 121, 1913; Townley, Publications 
of the Astronomical Society of the Pacific, 25, 239, 1913. 
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in fact, by some merely ‘“‘short-period Cepheid.’ Others, including 
Hartwig’ and Kron,? have considered only those with rapidly de- 
creasing brightness and constant light at minimum as “‘antalgol”’ 
or cluster-type variables. Kron calls the shortest-period variable 
known a Cepheid,? and Hertzsprung* designates as Cepheids only 
those variables whose periods are greater than a day. The writer 
proposes to adopt, merely as a convenience, the latter practice, 
arbitrarily calling the Cepheids of periods less than a day cluster- 
type variables; for there is at present no evidence of real difference 
between the two classes in the nature or probable causes of the 
light and velocity variations.s Hertzsprung’® calls attention to the 
maxima in the frequency-curve of the periods at twelve hours and 
at seven days, and notes also that the longer-period Cepheids are 


* Vierteljahrsschrift der Astronomischen Gessellschaft, 37, 284, 1902. 

2 Publikationen des Astrophysikalischen Observatoriums zu Potsdam, 22, Pt. III, 53, 
1912. See also Newcomb-Engelmann, Populdre Astronomie, 5th ed., p. 623, 
Leipzig, 1914. 

3 XX Cygni, period 3514™. 

4 Astronomische Nachrichten, 192, 262, 1912. 

‘It is hardly necessary to remark that Cepheids and Geminids are physically 
identical. The latter term merely signifies that the rise and decline of brightness 
require approximately equal intervals of time. There are numerous types of varia- 
tion intermediate between the chosen typical curves of ¢ Geminorum and 6 Cephei. 
A significant feature that has not been pointed out explicitly heretofore is that the 
smaller the ratio of interval of increasing light to interval of decreasing light the 
greater the eccentricity. Orbits of Geminids therefore have smaller eccentricities. 
This really amounts to observing that the light-curves and velocity-curves of all 
classes of Cepheids are generally identical in form. See the study by Luizet, ‘Les 
Céphéides considérées comme étoiles doubles,” Annales de l’Université de Lyon, Nou- 
velle Série, I, Fascicule 33, 67-148, 1972. 

Some Geminid curves, however, permit of hypothetical interpretations that can- 
not be applied to the more typical Cepheid. Russell has found (Popular Astron- 
omy, 22, 142, 1914) that, if the time of rise to maximum is greater than one-fourth 
the period, the light-variations may be interpreted as the rotation of a spotted body, 
but such an explanation is otherwise untenable. The writer has shown (Laws Observ- 
atory Bulletin, 2, 71, 1913; Astronomische Nachrichten, 194, 353, 1913) that for certain 
symmetrical curves of the Geminid type the light-variations may be due entirely to the 
rotation of a single ellipsoidal star. This explanation is a possible and plausible one, 
but for SZ Tauri, one of the stars suitable for such an interpretation, Haynes has 
found a typical Cepheid velocity variation (Lick Observatory Bulletins, 8, 85, 1914). 

6 Astronomische Nachrichten, 179, 376, 1909; 192, 262, 1912; 196, 205, 1913. 
Chandler reached some of the same conclusions twenty-five years ago (Astronomical 
Journal, 9, 1, 1889). 
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in the galaxy, while the shorter-period Cepheids or cluster variables 
are apparently distributed more at random over the sky. Making 
the reasonable assumption that the data, though rather meager, 
are sufficient, nevertheless, to establish the reality of both phe- 
nomena, these conditions do not impeach the hypothesis that the 
light and velocity variations of the long- and short-period Cepheids 
are attributable to the same causes, and that the only modifications 
necessary in an explanation of one, to make it applicable to the 
other, are those depending on the length of the periods and other 
gradative characteristics, such as differences of spectral type and 
relative speed of light-change at corresponding phases. Among 
the several arguments that tend to prove the inherent similarity 
of the two groups of Cepheids, the following are the most important. 

a) For RR Lyrae, period 13.6 hours, which is commonly classi- 
fied as a cluster-type variable, the spectroscopic orbit by Kiess' 
resembles in all details the peculiar orbits characteristic of the 
longer-period Cepheids. The light-curve is typical of cluster vari- 
ables in all its properties.’ 

b) From the photometric standpoint, Graff and Bottlinger? 
have found no essential differences between light-curves of cluster 
and Cepheid types, and insist on the artificiality of the division 
into two classes. Very few, if any, of the cluster-type variables 
have rigorously constant light at minimum phase, as Plummer,‘ 
among others, has shown. In fact, it was partly for this reason that 
Hartwig abandoned, in the Vierteljahrsschrift catalogue, the former 
term “antalgol”” and the former distinction between cluster and 
Cepheid variables.‘ 

c) Russell’s harmonic analyses of the mean light-curves of 
typical cluster variables and typical Cepheids indicate the neces- 
sity of analogous interpretations of the two.° 

d) An unpublished investigation by the writer of the relation 
between the periods and spectral types of all variables shows the 


t Lick Observatory Bulletins, 7, 140, 1913. 

2 Kiess, Publications of the Astronomical Society of the Pacific, 24, 189, 1912. 

3 Astronomische Nachrichten, 196, 113, 1913. 4 Monthly Notices, 73, 657, 1913. 
5 Vierteljahrsschrift der Astronomischen Gessellschaft, 48, 287, 1913. 


6 An abstract is printed in Popular Astronomy, 22, 142, 1914. 
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existence of a continuous property from the longest-period Cepheids 
to the shortest-period cluster variables. 

e) The shift of the maximum intensity in the spectra toward 
the violet with increasing light is a property common to both 
classes." 

IRREGULARITIES IN THE LIGHT-ELEMENTS 

Starting, then, with the apparently well-grounded assump- 
tion that the reasoning relative to the nature of the cluster-type 
variation applies equally well to Cepheid variation, the first argu- 
ment presented against the binary character of Cepheids deals 
with the irregular oscillations in the photometric period. In a 
paper presented to the American Astronomical Society at its last 
meeting, the writer reported on the oscillations in the periods of 
several cluster-type stars.? The study of such irregularities must 
necessarily, for the present at least, be confined to photometric 
observations, for the faintness of the stars, and the consequent 
length of spectroscopic exposure would conceal irregular oscillations 
in the velocity measurements.’ The investigation, as is also 
obvious, must succeed first with the stars of shortest period, for 
with them the light-change is of sufficient rapidity to permit the 
determination of points on the steep ascending branch of the light- 
curve with high precision. 

Further observations of SW Andromedae, made since the last 
report, have confirmed the previous results, showing that the time 
of the rise to maximum light varies from the mean predicted time 
by ten or fifteen minutes within the short interval of two or three 
days, but evidently without exhibiting regular periodicity. The 
uncertainty of the determination does not exceed three or four 
minutes. The similar oscillations in the light-curve of RR Lyrae 

t For the Cepheids see the work of Albrecht (Lick Observatory Bulletins, 4, 131, 1907) 
and of other Lick observers. For the cluster-type variables see the work of Kiess, 
referred to above, and the indirect determinations of the maximum intensity shifts 
presented in a later section of the present paper. 

2 An abstract is printed in Popular Astronomy, 22, 144, 1914. 

3 The average length of exposure on RR Lyrae with a one-prism spectrograph 
attached to the 36-inch refractor of the Lick Observatory was more than two hours— 
nearly one-sixth of the entire period. RR Lyrae is the brightest cluster variable known 
(excepting 8 Cephei). 
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were apparently periodic throughout the interval of two or three 
years covered by the earlier series of Harvard observations,’ but 
the later work at Harvard? and at the Lick Observatory’ shows a 
different amplitude and perhaps no periodicity at all. The Lick 
and Harvard observations were made with visual photometers. 
In a recent letter Professor Hertzsprung writes that he also finds 
irregularities from night to night in photographic observations of 
the star. 

The oscillation in the time of brightening to maximum seems 
to be a pretty general characteristic, though possibly not universal. 
It is shown definitely for several other stars besides those men- 
tioned above,‘ and perhaps most noticeably in the case of XX Cygni, 
which is discussed in the next section. The most remarkable 
feature of the oscillation, which from night to night is conspicuously 
large in some cases, is that a change in the mean period of the light- 
variation has been recorded for only two stars, and these changes 
are relatively minute.’ If the observed oscillations were definitely 
periodic, it would perhaps be possible to attribute them in some 
kind of a binary system to orbital changes, such as the rotation of 
the line of apsides. But the sudden and unpredictable changes in 
the light-variation, very likely accompanied by analogous oscilla- 


' Harvard Annals, 69, Pt. I, 45, 1900. 

2 The manuscript of these observations was kindly sent to the writer by Pro- 
fessor Pickering; more recently the work has been published in Harvard Annals, 69, 
Pt. II, 124, 1913. 

3 Lick Observatory Bulletins, 7, 141, 142, 1913. 

4 Popular Astronomy, 22, 144, 1914. 

s According to Kron the mean period of XX Cygni is decreasing by about a tenth 
of a second a year (op. cit., p. 47). Roberts finds that the mean period of S Arae is 
decreasing by four-hundredths of a second a year (Astrophysical Journal, 33, 200, 
1911). The long-accepted secular change in the period of 6 Cephei, first established 
with some uncertainty by Chandler (Astronomical Journal, 13, 101, 1893) and later 
maintained by Nijland (Astronomische Nachrichten, 161, 229, 1903), has recently been 
completely rejected by Luizet in his monograph on the light-variations (Annales de 
l'Université de Lyon, Nouvelle Série, Fascicule 33). Belopolsky, however, finds an 
oscillation in the spectroscopic period (Mitt. Pulk., 3, 63, 1909). W. J. S. Lockyer 
has found (Dissertation, Géttingen, 1896) that, while the mean period of 7 Aquilae 
is constant, there is an oscillation in the epoch of maximum through an amplitude 
of ten hours. Hellerich (Dissertation, Berlin, 1913) has studied the periods of ten 
Cepheids and finds no necessity of second-order terms. 
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tions in the velocity-curve, introduce another difficulty into the 


binary system theory. 


IRREGULAR CHANGES IN THE LIGHT-CURVES 


The second argument against the double-star explanation of 
Cepheid variation lies in the continually changing form of the 
light-curves from one maximum to the next. Again we will con- 
sider mainly the cluster-type stars. For the Cepheids the length 
of the period prohibits, in general, continuous observations through- 
out successive epochs, and in the long run the irregularities smooth 
out in a mean light-curve. Curtiss‘ has noticed, however, that the 
light-curve of W Sagittarii, period 7.6 days, changes shape with the 
time, and similar results are suggested for other Cepheids by vari- 
ous observers.? For the stars with periods less than a day, 
however, many long series of observations have been made, and al- 
though the work was rarely if ever undertaken for the purpose of 
seeking short-period changes in the form of the light-curve, never- 
theless irregularities have often been found. Many observers have 
noticed that the errors are larger in observing short-period variables 
than in any other class. Roberts’ and Innes‘ were suspicious of the 
large deviations in their measures of S Arae. Sperra’ concluded 
from an extensive treatment of his visual observations on SW 
Draconis and SU Draconis that the shapes and durations of both 
maxima and minima varied from night to night. This was, I 
believe, the first and only serious attempt that has been made to 
question the supposed clocklike precision of short-period variation 
Plummer and Martin® are disinclined to accept Sperra’s results 
without further proof, for the photographic observations at Dun- 
sink (exposure times from thirty minutes to an hour) do not confirm 
such irregularities (though they do show remarkable irregularities, 


* Lick Observatory Bulletins, 3, 168, 1905. 

2 For instance, the light-curve of 6 Cephei, as pointed out by Luizet (0). cit., 
pp. 58-60). 

3 Astrophysical Journal, 33, 201, 191t. 

4 Annals of the Cape Observatory, 9, 126B, 1903. 

5 Astronomische Nachrichten, 184, 241-252, 1910. 


6 Monthly Notices, 73, 440, 1913. 
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supposedly permanent, in the mean curves). The proof is now at 
hand, however, and with amazing clearness in the observations of 
XX Cygni, published at Potsdam.'' The three-hour period of this 
star is obviously a great advantage in the study of the changing 
form of the light-curve. If the variations of SW Andromedae and 
RR Lyrae referred to above could have been followed regularly 
throughout their entire periods, there is little doubt that the oscil- 
lations in the time of the rise to maximum would have been found 
to constitute only a part of the irregularities. 

In his discussion of nearly three thousand observations of XX 
Cygni, Kron finds a small secular change in the mean period, but 
does not consider real the deviations from the mean curves. The 
observations of ten observers are included. Both Schwab and 
Guthnick considered the irregularity of form a real phenomenon, 
and the former notes that, while the maximum and minimum mag- 
nitudes remain sensibly constant, the times between the ascent 
and descent past magnitude 11.2 vary from 35 minutes to an hour.? 
A study of the observations shows the same phenomenon in the 
work of all the observers. The various forms of light-curve cannot 
be attributed to night errors. The differences between the curves 
at different epochs is distinctly larger than the errors of the obser- 
vations. This is particularly true for Kron’s photometric work. 
The average deviation of his measures from a normal curve, based 
on his own observations, is much larger than that of measures on 
the comparison stars, and probably more than twice as large as the 
average deviation of the observations from separate nightly curves. 
There appears, however, to be no definite periodicity in the chan- 
ging shape of the curve; as a rule sharp maxima follow each other 


* Publikationen des A strophysikalischen Observatoriums zu Potsdam, 22, Pt. 111, 1912 
2 Astronomische Nachrichten, 170, 369, 1906. 


3 This and other points relative to the anomalies of the light-variation will be dis- 
cussed more fully in a later communication. Contrary to all other experience with 
Cepheid variables the photographic range measured by Parkhurst and Jordan (Asiéro- 
physical Journal, 23, 84, 1906) is less than the visual range. To examine this ques- 
tion more closely a series of simultaneous photographic and photovisual observations 
has recently been made with the 60-inch reflector. This will furnish a definitive color- 
curve, as well as serve as a control on the secular change in the period. (Parkhurst 
and Jordan also suspected oscillations in the period; op. cit., p. 86.) 
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for a few days, to be succeeded by an intermediate type and then 
by a series of relatively wide, flat-topped maxima. Sometimes the 
extreme change in form occurs on successive nights. In the varia- 
tions of the light-curve, as in the oscillations of the time of the rise 
to maximum light, the regularity and continuity of the phenomena 
that would be demanded by an orbital explanation is apparently 
lacking. 
CHANGES IN COLOR AND SPECTRAL TYPE 


A third argument against the binary interpretation of Ceph- 
eids is the difficulty such theories would have in explaining the 
periodic change of the spectral type, though it must be admitted 
that to a certain extent Duncan’s hypothesis,’ if otherwise accept- 
able, could account for spectral changes through the medium of 
atmospheric absorption. The evidences of the change of spectral 
type with changing light, though not well known nor generally 
recognized, are decisive and important. Schwarzschild,? Wirtz,’ 
and more particularly Wilkens* have demonstrated for Cepheids 
of longer period that the range of light-variation is greater in the 
photographic than in the visual part of the spectrum. The photo- 
graphic work of Martin and Plummer’ suggests similar results for 
cluster-type variables, while the recent simuitaneous photographic 
and photovisual observations by Mr. Seares and the writer at 

t Lick Observatory Bulletins, 5, 91, 1909; Publications of the Astronomical Society of 
the Pacific, 21, 123, 1909. 

2 Publikationen der v. Kuffnerschen Sternwarte, 5, C100, 1900. The photographic 
range of 7 Aquilae is found to be double the visual range. More recently Kohlschiitter 


has repeated the photographic work and finds that the color-curve has an amplitude of 
four-tenths of a magnitude (Astronomische Nachrichten, 183, 265, 1910). 


3 Astronomische Nachrichten, 154, 327, 1901. Wirtz measures the photographic 
ranges of 6 Cephei and ¢ Geminorum. 

4 Astronomische Nachrichten, 172, 316, 1906. An average value of 1.6 is found 
by Wilkens for the ratio of photographic to visual range for the Cepheid variables SU 
Cygni, X Cygni, T Vulpeculae, S Sagittae, and U Vulpeculae. The visual ranges, it 
should be remarked, are collected by him from various sources and can hardly be con- 
sidered homogeneous or reliable. The results, however, are qualitatively dependable, 
but more work along this line is desired. The Cepheids mentioned in the three last 
notes are of spectral types F to Ks, with an average very close to the solar type. 

s SU Draconis, Monthly Notices, 73, 166, 1912; SW Draconis, ibid., 73, 440, 1913; 

Cygni, ibid., 74, 225, 1914. 
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Mount Wilson establish the fact definitely.t. The shift of the maxi- 
mum intensity in the spectra of Cepheids, discovered by Albrecht, 
has been confirmed by Kiess’ and other Lick observers. These 
two factors—the greater photographic range and the shift of the 
maximum intensity—would suggest as an underlying and common 
cause a change in the spectral type. Albrecht and Duncan‘ have 
observed that Wright’s spectrograms of 7 Aquilae suggest a later 
type of spectrum at minimum than at maximum. The Harvard 
classification of TT Aquilae’ at maximum is G, at minimum, K. 

For the cluster-type variables there is more direct evidence of 
distinct and continuous change. At the writer’s request Miss 
Cannon has examined some of the Harvard spectrograms of certain 
cluster variables. For RR Lyrae no definite change was recorded 
on the plates examined, and similarly for XZ Cygni, but the 
spectrum, when faint, was extremely uncertain. For SW Androm- 
edae the spectrum was of type A at maximum and clearly of a 
redder type at minimum. The most conclusive results, however, are 
obtained from the series of spectrograms taken by Mr. Pease® in July 
of this year with the 60-inch reflector of the Mount Wilson Observa- 
tory. The variable RS Bodtis, period 9"1, shows a continuous 
change of spectral type from Fo at minimum to B8 at maxi- 
mum. One consequence of this result is that hereafter the classi- 
fication of all Cepheid and cluster-type spectra must be made with 
due specification of the corresponding phase of light-variation.’ 

t A report on this work was presented at the meeting of the American Astronomi- 
cal Society at Evanston, Illinois, August 25-28, 1914. 

2 Lick Observatory Bulletins, 4, 131, 1907. 3 Ibid., 7, 140, 1913. 

4 Ibid., 5, 93, 1900. 5 Harvard Annals, 55, 285, 1900. 

6A report on this work was presented at the meeting of the American Astro- 
nomical Society at Evanston, Illinois, August 25-28, 1914. 

7 Miss Clerke writes: “‘The spectrum [of 5 Cephei] is of the solar type, and does 
not change with the brightness”’ (Problems in Astrophysics, p. 320, London, 1903). 
This, however, should not discourage new attempts to classify the spectrum of the 
type-star and of other longer-period Cepheids at various phases of their light-changes. 
It is possible, of course, that the changes in color index and shifts of maximum inten- 
sity are not generally accompanied in the longer-period Cepheids by those changes 
in the absorption lines that are necessary to give a different spectral classification under 
the present system, in which the absorption lines receive much attention and the back- 
ground intensities but little. But in the early study of the spectrum of 5 Cephei, 
published by Belopolsky in Bulletin, No. 3 of the Imperial Academy of Sciences of 
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Another difficulty in the spectral changes, that must not be over- 
looked in attempting a complete explanation of the Cepheid 
phenomena, is a peculiarity observed by Albrecht' on his dlates of 
Y Ophiuchi and T Vulpeculae. Various lines showed large irregu- 
lar shifts, which are not progressive with the phase of the star in 
its light-period. 
CONCERNING EXISTING HYPOTHESES 

The fourth principal argument against the binary interpreta 
tion of Cepheids is the inadequacy of all the existing double-star 
hypotheses. To many this is not only the best argument but is 
sufficient in itself.? A detailed criticism of these attempted explana- 
tions is unnecessary, for this has been generously provided by the 
proposers of the theory themselves, as well as by others, including 
Campbells Plummer,’ Brunt,’ Kiess,° and Ludendorff.?. There is 


St. Petersburg, 1894, the variations in the relative intensities of several lines are sug 
gested and certain deviations from the solar spectrum are explicitly pointed out o1 
many spectrograms. The question is one to be answered definitely by future re- 
searches. (A very recent study of the changes in the spectra of 5 Cephei and 
¢ Geminorum has been made at St. Petersburg by Lohmann, but the paper is not yet 
available to the writer.) 

t Lick Observatory Bulletins, 4, 131-132, 1907. 

2 There has been a growing and but half-concealed discontent with the doubk 
star explanations of Cepheids. Ludendorff writes (Astronomische Nachrichten, 193, 
304, 1912): ‘“‘Freilich kann man sich aus verschiedenen Griinden des Eindrucks kaum 
erwehren, dass die in den Spektren der 6 Cephei-Sterne beobachteten periodischen 
Linienverschiebungen nicht durch Radialbewegungen der Sterne, sondern durch irgend 
welche andere Ursachen hervorgerufen werden.” On the other hand, Paddock inter 
prets Ludendorff’s data in a manner favorable to Duncan’s double-star hypothesis 

Publications of the Astronomical Society of the Pacific, 25, 180, 1913). 

Plummer considers, in a recent paper on the nature of the Doppler principle when 
based on the Ritz theory of light, the possibility of getting around the difficulties 
presented by the velocity variations of certain variables (obviously Cepheids are meant 
by abandoning the binary interpretation altogether, but he is led rather to abandon 
the Ritz theory (Monthly Notices, 74, 660, 1914). Until the velocity variation of RR 
Lyrae was discovered he was inclined to suggest that cluster-type variation might be 
‘‘a prominence effect on a large scale”’ (ibid., 73, 658, 1913). 

3 Stellar Motions, pp. 305 ff., New Haven, 1913; Lick Observatory Bulletins, 6, 
51, 1910. 

4 See various papers cited above. 5 Observatory, 36, 59, 1913. 

6 Publications of the Astronomical Society of the Pacific, 24, 186, 1912; see also 
other papers cited above. 

7 Astronomische Nachrichten, 184, 384, 1910. 
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one point, however, that has not been considered, which is of prime 
importance in the discussion of Cepheid phenomena. Russell! 
and Hertzsprung? have independently shown that the Cepheids 
are stars of small peculiar motions and small parallaxes, and hence 
of great absolute brightness. The former finds a mean absolute 
magnitude of —2.4 and the latter of —2.3, that is, the average 
Cepheid (the spectrum is of solar type) is nearly 700 times as bright 
as the sun. It is reasonable to assume that the Cepheids and the 
sun have a comparable surface brightness. The average Cepheid, 
then, has a volume between fifteen and twenty thousand times as 
great as that of the sun. 

Interpreted as spectroscopic binaries these giant stars move in 
orbits whose apparent radii average less than one-tenth the radii 
of the stars themselves.’ In order that the radii of the real orbits 
may greatly exceed those of the apparent orbits, the inclinations 
must be very small, a condition which cannot be supposed to exist 
generally for Cepheid orbits. The difficulty in applying the 
hypotheses of Eddie,* Loud,’ Duncan,° and Roberts’ is therefore 
immediately apparent. Moreover, if the mass of the average 
Cepheid is admitted to be as much as five times the solar mass, 
the density is still astonishingly low—hardly three ten-thousandths 
that of the sun. Considering the low average value of the mass 
function® derived from the orbits of the Cepheids, and taking a 
random distribution of the orbital inclinations, the non-luminous 
second body, to which Duncan’s theory assigns the extensive atmos- 
phere that must envelope the giant primary, has about one-tenth 
of the mass and therefore must move with an average apparent 


t Science, N.S., 37, 652, 1913. 

2 Zeitschrift fiir wissenschaftliche Photographie, 5, 107, 1907; Astronomische Nach- 
richlen, 196, 201, 1913. 

3 The average value of asini for 15 Cepheids is 1,116,000 km. ‘The greatest 
value is 2,000,000 km, and the least is 45,000 km. 

4 Astrophysical Journal, 3, 227, 1896. 5 Ibid., 26, 369, 1907. 

6 Lick Observatory Bulletins, 5, 91, 1909. 

7 Astrophysical Journal, 33, 197, 1911; Monthly Notices, 66, 329, 1906. 
m, sins i 
(m,-+m)? 
is 0.0058, and the least is 0. oooo1 for Polaris. 


§ The average value of for 15 Cepheids is 0.0025. The greatest value 
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orbital velocity of about 200 km a second. Remembering the size 
of the primary star compared with its orbit, we know that the mass 
of the secondary must be still smaller and the velocity higher to 
separate the stars. 

A SUGGESTED EXPLANATION OF CEPHEID VARIATION 

In the face of all these difficulties, it seems appropriate to 
abandon completely the attempts to interpret Cepheids on the 
basis of a binary-star assumption. It has been shown by Russell' 
that the light-variations cannot be explained satisfactorily by the 
uniform rotation of a single spotted star; the light-change must 
be intrinsic, and not just apparent. The explanation that appears 
to promise the simplest solution of most, if not all, of the Cepheid 
phenomena is founded on the rather vague conception of periodic 
pulsations in the masses of isolated stars. The vagueness of the 
hypothesis lies chiefly in our lack of knowledge of the internal 
structure of stellar bodies, and not in the difficulty of explaining 
the observed facts if once we assume the stars to be ideally gaseous 
figures of equilibrium. Moulton? has considered the matter of 
explaining certain types of stellar variation from this point of view, 
but his conclusions are scarcely applicable to Cepheid variables in 
the light of our present knowledge of their peculiar properties. 
According to him, the light-change should be due to the heat gen- 
erated by the oscillation of a spherical star from an oblate to a pro- 
late form, there being a maximum of light-emission every time the 
star passes through its mean spherical figure. The period of velo- 
city variation, then, should be double that of the light-change,‘ and 

* Popular Astronomy, 22, 142, 1914. See the footnote on a preceding page relative 
to this work. Russell’s investigation, then, opposes the explanation suggested by 
Hellerich (Dissertation, Berlin, 1913). 

2 Astrophysical Journal, 29, 257, 1909. 

3 The hypothesis also is not obviously applicable as a complete or even partial 
explanation of the variation of elliptical eclipsing binaries, considering the present 
state of the orbital theory. The presence of the secondary spectrum, the ve~" large 
periodic shift of the spectrum lines, and many other factors are almost unimpea_hable 
proofs of the binary character of eclipsing variables. Very little if any ef t on th 
light-variation can be attributed in any of the systems studied to pulsations, or @.’en 


to tidal disturbances. 
4 That is, if the shift of the spectrum lines is to be attributed to a radial motion 


of the source. 
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this, of course, does not conform with known conditions.’ It is to 
this phenomenon of pulsating stellar masses, however, that the 
writer would ascribe the light and velocity variation of Cepheid 
and cluster variables, and the theoretical work of Moulton,’ Jeans,’ 
Emden,‘ and others’ on the properties of gaseous spheres already 
justifies the conclusion that such oscillations are both possible and 
probable. They might arise, as Moulton suggests, from the 
collision with masses of only planetary dimensions, from the near 
approach of two stars, or in other ways.° 

Without any pretense of explaining clearly or fully on this 
hypothesis all the properties of Cepheid variation that have given 
the double-star theories such hopeless difficulty, a few points favor- 
ing the pulsation suggestion will be summarily stated. There will 
exist originally, as the result of the initial disturbance, a great num- 
ber of oscillations with different periods. The character of these 
various vibrations will depend on the nature of the stellar structure. 
For the ideal homogeneous fluid mass investigated by Kelvin,’ 
and for the polytropic gaseous sphere defined and studied by 
Emden,’ the period of vibration of each type is independent of the 
volume and mass and depends only on the mean density and the 
order of the harmonic term defining the oscillation.2 For any given 

* It is well to keep in mind, however, the secondary maxima in the light-curves 
of » Aquilae and similar variables. Therein perhaps is a visible trace of the secondary 
heating of each oscillation period. 

2 Op. cit. 

3 Philosophical Transactions of the Royal Society of London, 199 A, 1, 1902; ibid., 
201 A, 157, 1903; ibid., 213 A, 457, 1914. 

4 Gaskugeln, Leipzig, 1907. 

5’ The numerous papers by Ritter, Wiedemanns Annalen, 5-20, 1878-1883, are of 
fundamental importance in this problem. His consideration of vibrational variable 
stars has been briefly discussed by Moulton (oP. cit.). 


6 Perhaps then we should expect to find great numbers of these variables in con- 
densed regions, such as the globular clusters and the Magellanic clouds. 


7 Mathematical and Physical Papers, 3, 384, 1890. 8 Op. cit., pp. 13, 37, 448 ff. 
* The vibration period in seconds is for the former 
baistedl. 2m+1 risy 
© oe G 
and’ior the latter R\j 
T= am ( seat ) 
mg 
where m is the order of the spherical harmonic defining a given oscillation, R is the 
radius, and g, the surface gravity, is proportional to radius times mean density. 
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mean density the most important oscillation is that corresponding 
to the second-order harmonic. Its period is the longest, its ampli- 
tude the greatest, and it may persist with inappreciable change in 
period almost indefinitely, while the oscillations of higher order are 
more rapidly destroyed by friction. 

If, then, we attribute the principal light-change in a Cepheid 
variable to this principal oscillation, and if we are willing to adopt 
Emden’s polytropic gaseous sphere as a stellar model, we can com- 
pute at once the density of each individual variable. Obtained in 
this way the densities are probably of the right order of magnitude, 
whatever function of the radius, within reasonable limits, the density 
is assumed to be; and for an incompressible homogeneous fluid they 
would be only 2.5 times as large. The densities in terms of the 
sun for all the Cepheids of known periods and spectra‘ have been 
derived in this manner, with the results given in Table I.” 


* It is impossible to say, of course, whether the spectra listed were obtained near 
maximum or near minimum. Errors in the grouping, for the brighter Cepheids at 
least, will probably balance in the means. 

2 The data for this computation have been derived mainly from Harvard Annals, 
56, 191-195, 1912. In the table of “‘short-period variables” given in that publication 
are included many stars that are now known to be eclipsing binaries. It is very likely 
that further study will show that others are not Cepheids, but in the means in Table I 
are included all variables not known to be eclipsing stars. 

The densities in the table are computed for the mean periods of each class. If 
the means of the individual densities were taken one badly discordant period would 
greatly distort the result. 

A striking fact shown by Table I is the progressive relation between spectrum 
and period, and hence, between spectrum and density. ‘The redder the tint, 
the longer the period’? was observed by Chandler in 1888, but referred mainly to 
long-period variables (Astronomical Journal, 8, 137, 1888). He called attention to the 
importance of this correlation to variable star hypotheses. Campbe!l noticed that 
“‘the length of periods seems to increase with the spectral types, but the relationship 
is not strongly marked” (Lick Observatory Bulletins, 6, 51, 1910). 

Russell’s theory of the order of stellar evolution is supported by the results of 
Table I when we remember that the Cepheids are giant stars. For it is obviously 
fair to conclude from the progression of the densities that, if the present Cepheid 
hypothesis approximates the truth, the order ot evolution is in the direction from type 
M to type B. The Cepheids then are young stars. Perhaps the long-period redder 
variables of the Mira Ceti type, with spectra of types Ma,....Md1, Md2,....Mdto, 
N, etc., are still earlier in their evolution. Are they merely Cepheids of very long 
the light-curves are similar, the shape 





period? In many respects they appear to be 
and time of successive maxima often oscillate around probably rigorously constant 
mean values, the spectra change progressively throughout the light-period, and finally 
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The extremely low densities for the Cepheids of the redder spec- 
tral types until recently might have thrown serious doubt on the 
hypothesis that demands such abnormally low values. But now 
for two reasons we are ready to accept as possible these supposedly 
impossible densities. In the first place, as Hertzsprung has pointed 


TABLE I 





Type No. Stars Mean Period Mean Density 
M 3 33 0.000006 
K 9 18 ©. 000020 
G 31 Il 0.000056 
F 31 6 ©.000200 
\ 9 0.4 0.04 
B* I 0.19 0.2 


* B Cephei is properly to be assigned to the Cepheid type. Notwithstanding the very short period (445), 
the preliminary orbit by Frost (Astrophysical Journai, 24, 259, 1906) is typical of the Cepheids. Guthnick’s 
discovery (A stronomische Nachrichten, 196, 357, 1913) of the light-variation and its nature (a typical cluster- 
variable curve of small amplitude) further supports this classification, and the harmony of the hypothetical 
density with that for the other groups of Cepheids is probably a third favorable argument. The presence of 
1 second spectrum, however, is suspected on certain plates, according to the preliminary announcement (A sfro- 
physical Journal, 24, 261, 1906). 
out' in his proof that the Cepheids of solar spectral type are giant 
stars, the average mean density must be of the order of 6X107S, 
if the masses are comparable with that of the sun. They may be 
larger, but from our knowledge of stellar masses in general we are 
inclined to believe that they are not more than ten times that of 
the sun,? which is sufficient to prove the point. In the second 
place, the densities of several long-period eclipsing binaries of types 
G and K are now available for comparison.’ For instance: RX 
Cassiopeiae; type Ko, mean density 5107+; W Crucis, type Gp, 
mean density 3X10~°; SX Cassiopeiae, type G3, mean density 
510-4; RZ Ophiuchi,‘ type F8, density of one component 107°. 


, 


they are apparently stars of great absolute luminosity. Long ago, however, Chandler 
gave several good reasons for distinctly separating ‘‘long period”’ and “‘short period”’ 
variables (Astronomical Journal, 9, 1, 1889), and to a certain extent these distinctions 
are still to be maintained. 

* Astronomische Nachrichten, 196, 203, 1913 (footnote). 

2 Russell, Nature, 93, 283, 1914; Popular Astronomy, 22, 294, 1914. Ludendorff, 
Astronomische Nachrichten, 189, 151, 1911. 

3 Contributions from the Princeton University Observatory, No. 3, 1914. 

4The spectrum has been reclassified recently by Miss Cannon at the writer’s 
request. The components are of nearly equal brightness (visually), but it is very 
likely that the photographic spectrum classified is that of the smaller component 
which has high relative surface brightness, and density as given above. The density 
of the fainter component is 2 10—S5 (Astronomische Nachrichten, 194, 225, 1913). 
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For the A- and B-type spectra, the Cepheid densities above are, 
of course, entirely normal compared with eclipsing star densities." 

As previously stated, the Cepheids without doubt are enor- 
mously large. Their small observed velocity variations, even if 
attributed altogether to motion in the line of sight and not at all 
to pressure-shifts, are not larger than might arise from a radial 
oscillation through but a small fraction of their mean diameters.’ 
In the central mass of the star the period of the supposed pulsation 
should, of course, be perfectly regular, but its effect need by no 
means be regular on the radiating surface. 

We may suppose that, because of the internal vibration, the 
photosphere of the star is periodically scattered or broken through 
by the rush of hotter gases from the interior. Maximum light and 
maximum velocity of approach would obviously be approximately 
synchronous, and their coincidence would naturally be inde- 
pendent of the direction of the observer in space. Ludendorff’s 
correlation of range of light and range of velocity is highly signifi- 
cant in this connection. The essentially harmonic nature of the 
oscillation at the surface of the star would easily lend itself to 
interpretation as elliptic motion, though non-elliptic motion need 
not be unexpected, nor the anomalous behavior of certain spectral 
lines. In stars in which the initial disturbance is of recent origin, 
the presence of secondary oscillations could be expected, which 
would affect the light as well as the velocity.‘ 

It should be noted as an important factor in the explanation of 
Cepheid variation, that a change in the spectrum of a given radi- 
ating surface from one type to the next will change the visual 
brightness of that surface by approximately one stellar magnitude, 


t Astrophysical Journal, 38, 173, 1913. 
2 The radial motions observed in sun-spots are suggestive in this connection. 


3 Astronomische Nachrichten, 193, 301, 191%. He finds that 2K =47.3A with 
close approximation, where A is the amplitude of magnitude variation and 2K is the 
total range of velocity variation in kilometers. 

4 By means of a detailed periodogram analysis of the light-curve of the famous 
irregular variable SS Cygni, Gibb has recently found a prominent underlying perio- 
dicity of 40.86 days (Monthly Notices, 74, 678, 1914). The spectrum of SS Cygni is 
extremely peculiar in that it varies through a number of different types, occasionally 
showing bright lines and at other times an apparently continuous spectrum (Harvard 
Annals, 56, 211, 1912). 
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and the color range by four-tenths of a magnitude. These quanti- 
ties correspond very closely to what is observed in cluster variables, 
and suggest that, if desired, it is unnecessary to go farther for the 
explanation of the light-variation than to suppose that a surface of 
approximately constant area progressively changes its spectral type 
as the result of a periodic flow and ebb of heat." That the light- 
change should be of a more explosive character for the cluster 
variables than for the longer-period Cepheids would be expected 
because of their higher mean densities. 

Various other details suggesting the possibility of the above 
interpretation could be cited, but this sketch of the pulsation argu- 
ment will suffice for the present, since the purpose of the paper is 
not so much to advance an alternative theory as to question the 
validity of the spectroscopic binary hypothesis. 

Mount W1tson SOLAR OBSERVATORY 

August 13, 1914 


*Cf. the hypothesis proposed by Schwarzschild as an alternative explanation 
of the change by six-tenths of a magnitude in the color index of 7 Aquilae (Pub- 
likationen der v. Kuffnerschen Sternwarte, 5, C125, 1900). 








THE RELATION BETWEEN THE WOLF-RAYET STARS 
AND THE PLANETARY NEBULAE! 
By W. H. WRIGHT 


The position of the Wolf-Rayet stars in the scheme of stellar 
classification has long been a matter of speculation by astronomers. 
In 1890, and again in 1891, Pickering drew attention to certain 
points of resemblance between their spectra and those of the 
nebulae, and classified both as belonging to a fifth type of stellar 
spectrum.” At about the same time (1890) Keeler, who was then 
engaged in his visual investigation of nebular spectra, independ- 
ently announced his conviction that the nuclei of the planetary 
nebulae are closely related to the Wolf-Rayet stars. Keeler’s 
conclusion was based on spectroscopic evidence, but he does not 
make a categorical citation of the facts upon which his conclusion 
rests, and I have looked rather carefully through his published 
writings for light on this matter. There are, indeed, observations 
which might be regarded as in harmony with this view, but one 
is led by the inclusion of ‘‘other bright line stars’’ with those of 
the Wolf-Rayet type to hazard a guess that the deductions were 
perhaps of a general character. Still Keeler’s belief in a close 
relation is so definitely asserted, not only in one, but in several 
publications, that few who knew that shrewd investigator’s rare 
ability to say exactly what he meant can doubt that he was firmly 
convinced that some close relationship exists. 

Four years later, in 1894, Campbell published the most exhaus- 
tive account of the spectra of the Wolf-Rayet stars that has yet 
appeared. He observed all of the then known stars of this type 
which are within the reach of the instruments at Mount Hamilton. 
His observations were both photographic and visual, and covered 

t Read before the Evanston meeting of the American Astronomical Society, 
August 1914. 

2 Astronomische Nachrichten, 127, 1, 1891. 

3 Publ. A.S.P., 2, 279, 1890; also Publ. Lick Observatory, 3, 227-228. 

4 Astronomy and Astrophysics, 13, 448, 1894. 
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the spectrum from \ 4100 to H,. He added numerous lines to the 
list of known ones, and, as most of these are of unknown origin, 
left the spectra even more enigmatic than he had found them. 
At about this time the same investigator made an equally compre- 
hensive study of the spectra of the nebulae.’ His conclusions as 
to a relationship between these two classes of spectra are therefore 
of the highest interest and, as expressed in his own words,’ are as 
follows: 


Aside from the hydrogen, D,, and 4472 lines, the nebular spectrum presents 
a few interesting coincidences with the Woelf-Rayet spectrum. The lines at 
5412 and 4687 observed in several nebulae were found with more or less promi- 
nence in nearly all the Wolf-Rayet stars; but the lines at 4389, 4067, and 4026 
were found in only a few of the stars, and it is not certain that the last two lines 
occupy the same positions in the nebulae and stars, though they probably 
do. The prominent star lines 5813, 5693, 5503, 5472, 4652, 4636, 4541, 4500, 
4442 were specially searched for in the nebulae and not found. Likewise, the 
nebular lines 5751, 5007, 4950, 4715, 4364 were most carefully looked for in 
the stars, and no trace of them is visible. I think we must say that if any 
relation exists between these spectra, it is not clearly established and its nature 
is not apparent. 

In conclusion, I think we can say, from the foregoing observations, that 
the spectra of the Wolf-Rayet stars are not closely related to any other known 
type. They appear to have several points in common with the nebular and 
Orion-type spectra; but the last two appear to be much more closely related 
to each other than to the Wolf-Rayet spectra. It is therefore difficult to place 
these stars between the nebulae and Orion stars. They certainly do not come 
after the Orion stars, and one does not like to place them before the nebulae. 
We can probably say that the bright lines are chromospheric, owing their 
origin to very extensive and highly heated atmospheres, but showing very 
little relation, in constitution and physical condition, to that of our own sun. 
For the present, at least, this type of spectrum must be considered as distinct 
from every other known type, just as the nebular spectrum is distinct, and 
like the nebular spectrum containing lines whose origin cannot now be assigned . 


I think that no one will question the justice of Campbell's 
conclusions, in the light of the great mass of evidence which he 
had brought to bear upon the subject. They seemed to set at 
rest the earlier notions that the connection between the two classes 
of objects was a close one. 

* [bid., 13, 384-494, 1894. 

2 Ibid., 13, 474, 1894. 
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Among the most interesting of the stars observed by Campbell 
is B.D.+30°3639. This he found to be surrounded by a glowing 
hydrogen envelope, and it is with this object that the present 
communication has, in part, to deal. It is hardly necessary to 
recount here the details of the discovery, as the remarkable observa- 
tion on which it is based is familiar to everyone interested in the 
subject. This star is naturally an object of interest by reason 
of its peculiar appendage, and has perhaps been observed more 
than any other of its class. Palmer and Stebbins found the well- 
known nebular line \ 3727 in its spectrum,’ but do not appear to 
have appreciated the significance of the discovery. The line was 
later reobserved by Wolf.2. More recently Merrill has found the 
nebular lines AA 6548 and 6583 in the spectrum of the star. 

A question at once suggested by the finding of nebular lines 
in the spectrum of this star is: Do they belong to the star proper 
or to the surrounding gaseous envelope? A careful examination 
of the material furnished by the foregoing observations discloses 
no evidence on this point. 

The writer became actively interested in the problem through 
the following circumstance. In making a long exposure on the 
planetary nebula Struve 6=N.G.C. 6572 with a spectrograph 
attached to the 36-inch refractor, the following of the telescope 
was sufficiently good to isolate the spectrum of the nucleus as a 
narrow band of continuous spectrum cutting across the centers of 
the bright nebular lines, and in this band the line \ 4686 appeared, 
not as a narrow line, but as a band some 17 A wide.4 The line in 
question does not appear in the outlying parts of the nebula. This 
appearance was so suggestive that the spectrum of the nucleus 
was of a Wolf-Rayet character that another exposure of 14 hours, 
running through two consecutive nights, was undertaken. The 
second exposure confirmed the first and showed in addition to other 
nucleus lines a faint broad emission band at A 4057. The investi- 

t Lick Observatory Bulletin, 2, 53, 1902. 

2 Sitz. Heidelberger Akad. Wiss., 14, 1913. 

3 Lick Observatory Bulletin, 7, 129, 1913. 

4 The nucleus of this nebula is not a stellar point, but consists of a thickening 


of the nebulosity close to the center. Nebular nuclei differ in this respect, some, for 
instance that of N.G.C. 6826, present in the telescope the appearance of stars. 
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gation was extended to the visible region by a two-night exposure 
( with a bathed plate. The spectrogram shows a faint broad 
nucleus band at 5807. All the plates show numerous narrow 
lines extending to the outer limits of the nebula, and a few hazy . 
ones restricted to the vicinity of the center. The three bands 
already mentioned, AA 4057, 4687, and 5807, are the only really 
broad ones which are recorded. They are confined very closely 
to the center of the nebula. The most characteristic Wolf-Rayet 
bands are probably AA 4057, 4687, 5694, and 5813. The agree- 
ment with the nucleus lines is in the first two cases exact. The ' 
third line is not shown in the nucleus spectrum, though a longer 
exposure might bring it out. The fourth band, \ 5813, varies in 
position in different stars from \ 5804 to A 5817. It is in fact 
composite in the Wolf-Rayet star B.D.+30°3639, with components 
at AX 5801, 5812, 5828. The nucleus line \ 5807, though uncertain, 
on account of the faintness of the image, is probably due to the 
blending of the first two components. The nucleus also exhibits 
the Wolf-Rayet bands \ 4633 and A 4649 as hazy bright lines. 

It will probably be admitted that the presence of the five bands 
A 4057, 4633, 4649, 4687, and 5807 establishes the nucleus of the 
nebula as a Wolf-Rayet star. 

After settling this point it naturally became a matter of interest 
to inquire whether the so-called hydrogen envelope surrounding the 
i Wolf-Rayet star B.D.+30°3639 is not in reality a true planetary 
nebula. If this were found to be so, the relation between the two 
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classes of objects would appear to be quite a definite one. Observa- 
tions were begun on the two red lines near H, to determine whether 
or not they extend out into the nebula. The slit was adjusted 
| to the focus of the large refractor for this region and the following 
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was done as carefully as possible. The three lines \ 6548, H., and 





4 6584 are sensibly of the same length, and correspond to an 
h envelope diameter of 7 seconds of arc. Campbell’s visual estimate 
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of the diameter of the Hg image is 5 seconds. Since a visual 


aE 


measure of such a faint object might be too small, while the photo- 
graphic record, on account of imperfect following and other dis- 
turbing factors must be too large, the agreement between the 
two results is satisfactory. 
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Exposures, each of two nights’ duration, were then made cover- 
ing respectively the visible and photographic regions of the spec- 
trum. These plates show all of the brighter nebular lines, except 
AA 3869, 4363, and the helium lines, to be present as narrow bright 
lines running out into the surrounding envelope. The observed 
lines include AA 3726, 3729, 4069," 4076, 4959 (N.), 5007 (N,), 
5755, 6303,7 6548, 6583, and 6730 in addition to the 11 hydrogen 
lines from H, to H, inclusive. This array is probably sufficient 
to give the so-called hydrogen envelope the status of a planetary 
nebula. A number of these lines will perhaps not be recognized, 
at once, as nebular radiations. They are all, however, in a list, 
which will shortly be published, of nebular lines observed by 
the writer. N, and N, are very faint and their lengths are not 
easily determined. ‘They are undoubtedly much shorter than the 
hydrogen lines. 

Initwo cases we have then a planetary nebula with a Wolf- 
Rayet nucleus. That this is not an exceptional condition is attested 
by a number of isolated observations made by members of the 
Lick Observatory staff, but heretofore unpublished. The observers 
have kindly accorded me permission to refer to their results in 
advance of their own announcements. A brief summary of these 
observations follows: 

N.G.C. 6826: This nebula has a large, round, fairly bright disk. 
The nucleus is very bright. The line \ 4686 was found by Merrill 
to be localized as a hazy dot in the spectrum of the nucleus, and 
Dr. Paddock strongly suspects the well-known Wolf-Rayet band 
at X 4650. The writer has also found the characteristic band 
\ 4057 in this nucleus spectrum. The visible spectrum has not 
been photographed. The nucleus is undoubtedly a Wolf-Rayet 
star. 

*Since this paper was prepared my attention has been called to the fact that 
this line was observed as an envelope line by Adams about the year 1910 (Science, 
32, 882, IgI0). 

2 This does not agree exactly with the nebular wave-length, which is \ 6301. 
In this object the line seems to broaden where it crosses the stellar spectrum, and 
may therefore be displaced to the red at this point in common with the stellar bands. 
In this region of the spectrum the prismatic dispersion is of course weak and the 
linear equivalent of the discrepancy is small. 
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N.G.C. Index 418=S$.D.M.—12°1172: This is a particularly 
interesting nebula. According to Campbell the disks correspond- 
ing to N, and N, are smaller than the Hg disk.' The nucleus 
is a ninth-magnitude star. Paddock has found \A 4686 and 4650 
to be localized in the nucleus. The lines are rather narrow, and 
while the Wolf-Rayet character is not so pronounced as in other 
cases, the spectrum exhibits a strong tendency in that direction. 
\ 4057 is not present. 

N.G.C. 40: This is a dim nebula with a central star. Paddock 
has found most of the stellar light to be concentrated in the Wolf- 
Rayet band at A 4650. 

These constitute all of the nebular nuclei of which the Lick 
Observatory has spectrograms. In every case the object is un- 
doubtedly to be classified as a Wolf-Rayet star. 

There seems to be no escaping the conclusion that the nuclei 
of planetary nebulae not only are closely related to Wolf-Rayet 
stars, as was first suggested by Keeler, but that in many cases 
they are such stars. Whether the converse proposition is true— 
that is, that those stars are in general the nuclei of planetary 
nebulae—cannot by any means be considered as having been 
established. One is in fact tempted to risk a guess that it is not. 
However, it is possible that further observations will shed some 
light on this, as well as on other aspects of the problem. 

The observations already secured not only demonstrate the 
relationship which has been indicated between the nebulae and 
the stars, but are strongly suggestive of the nature of certain steps 
in the progression from one form to the other. Attention has 
already been called to the fact that the helium lines are absent 
from the nebulous envelope of the star B.D.+30°3639. They are, 
however, well represented in the star proper, where they occur as 
broad bands displaced an angstrom or two to the red of their 
normal positions. The lines N, and N, are probably shorter, as 
well as fainter, than the hydrogen lines. If we assume that by 
some process of evolution the nebula is condensing into the star, 
it is apparent that the order of settling is helium, ‘‘nebulium,” 
hydrogen. There is considerable additional evidence favoring 


t Astronomy and Astrophysics, 13, 494, 1804. 
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the view that this is a usual line of development, and the theory 
finds confirmation in the relative sizes of the disks in the planetary 
nebula S.D.M.—12°1172. More observations are required, how- 
ever, before the validity of this rule can be considered to be estab- 
lished.’ 

The foregoing is only a preliminary account of the observations 
already secured; a more detailed one will appear later. The need 
of a more complete investigation both of the Wolf-Rayet stars 
and of the planetary nebulae in the vicinity of their nuclei is indi- 
cated. Although the faintness of the objects renders the work both 
precarious and tedious the writer hopes to extend the range of the 
observations during the coming year. 

Mount HAMILTON 

August 1914 


NOTE 

Further observation strengthens the conclusion that the relationship be- 
tween the Wolf-Rayet, or Class O stars, and the nuclei of the planetary nebulae 
is a very close one. ‘The extra series of dark lines found by Pickering in the 
spectrum of { Puppis are of rather common occurrence, as absorption lines, in 
the spectra of the nuclei; in fact the resemblance to the spectrum of £ Puppis 
is, in many cases, very strong. In at least one instance, the nucleus of the 
beautiful planetary in Geminorum, N.G.C. 2392=G.C. 1535, the hydrogen 
and helium lines, as well as the members of the Pickering series, are dark. 
The spectrum is that of a Class Oe star. Hydrogen is represented by com- 
paratively weak emission lines in the nebula proper. 


November 1914 


t Strictly speaking, evidence of this nature, even if amply confirmed, could only 
be taken to prove the settling of the lines, or say the conditions favorable to radiations 
of a certain character. For instance the line \ 4686 becomes localized in the nucleus 
before either the hydrogen series or the helium lines, yet it probably belongs to one or 
the other of the elements in question, perhaps to hydrogen. The phenomenon is of 
course analogous to the local occurrence of lines in terrestrial sources. 
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ON SYSTEMATIC ERRORS OF STELLAR RADIAL 
VELOCITIES 
By SEBASTIAN ALBRECHT 


Ever since it was found that the wave-lengths of numerous lines 
in stellar spectra vary progressively as a function of the spectral 
types of stars,’ the writer has, on various occasions, suggested that 
it is extremely likely that a large share of the systematic differences 
in radial velocity results is due to the wave-lengths used in the 
reductions. This applies to the relative radial velocities for the 
different types as determined at any one observatory, and especially 
to the systematic differences between radial velocities for each 
type considered separately as determined at the different observa- 
tories. The recent publication by Kiistner? of a second list of 
radial velocities and the wave-lengths upon which they are based 
makes possible an approximate test of an effect of the second kind 
referred to above. 

The basis of this test will be a comparison, separately for each 
stellar spectral type, of Kiistner’s wave-lengths with the writer’s 
preliminary wave-lengths as published in Boletin No. 1 of the 
Cérdoba Observatory. Use will also be made of the systematic 
differences which Kiistner finds between his radial velocities and 
those of the Lick Observatory. 

Table I is self-explanatory. For present purposes it is inad- 
visable to assign different weights to individual lines in forming 
the means at the bottom of this table, nor is it necessary to make 
a detailed study of each line (or blend), as must be done later in 
a definitive discussion of this problem. Such study would possibly 
have resulted in the exclusion of a few lines from the table, princi- 
pally on account of differences in dispersion. The large number 

t Lick Observatory Bulletin, No. 106; Astrophysical Journal, 24, 333, 1906. 

2 Astronomische Nachrichten, No. 4750, 409, 1914. 

’The majority of the Lick radial velocities are based upon plates taken with 
three-prism spectrographs, with a considerable range in the dispersions used. The 
Bonn spectrograms are also taken with a three-prism spectrograph but with smaller 
dispersion. In the Bonn second series the dispersion is only about one-third that of 
the Lick plates, while in the Bonn first series the dispersion was double that of the 


second series. 
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TABLE | 


DIFFERENCES IN WaAveE-L] NGTH (ALBRECHT— Bonn 


‘ "vPe)  Fs G Gs K Ks Ma Mb 
A 
4230.1 — .021 — .021 - .O21 — 021 -.O21 O21 O21 
‘9 = .070 
45-4 T .003 t.008 | +.008 t+ .008 + .008 tT .008 |+ .008 
40.9 — .077 - .034 T .OI9Q 7 .O©2 T .OO0 T .OO! 002 
50.2 + .006 T .000 tT .000 tT .000 + 906 + 006 +- 906 
50.9 tT .005 + .005 t .005 t .005 t .005 t.005 + .005 
54.5 — .006 r .032 T .030 tT .028 
58.4 — 006 t .006 tT .005 (+ .008 
600.6 7. ES2 T .128 7.382 tT .182 
74.9 T .002 005 00Q O1o 
86.1 024 + .030 + .04 + .067 
88.1 005 T .O13 T .027 t .036 r.%er)* 
93.2 o16 tT .OO1 tT .018 tT .030 
04.2 tT .007 tT .007 + .007 + .007 t .007 t+ .00 t .007 
4313.0 + .049 T .043 tT .0338 T .033 tT .100 tT .009 + .008 { 
14.3 + .O1! T.O1I9  +.059 tT .OS1 t .034 
4 + .056 t .046 + .034 + .O21 + .007 90 5 O10 
15.8 + .030 T .044 | +.056 + .062 + .062 T.057 |-+.054 
21.0 — .008 T .OC5 tT .028 000 028 
34.0 tT .007 + .033 tT .O50 + .O61 tT .006 + .068 
39-7 Tr .043 T 043 T .043 Tr .043 T .043 (+ .043 
40.0 a = .602 — .0o70 — .Go2 —. Ol -. 320 40) T 
44.5 = .050 | — .024 000 O21 + .038 T -O52 |-+-.057 
52.9 — .O14 — 003 tT .0O9 T .O25 T .O42 tT -9O57 |+.006 
00.7 +t .O90 T .045 T .O005 — OSs 
70.1 — .006 — .006 + .084 + .084 t .084 T .054 |-+.084 
79.3 tT .023 tT .023 Tt .023 tT .023 T .023 |+.023 
83.7 +t .O51 tT .O51 t .OS51 + .OS51 + .O51 T.O51 |+.051 
QI.9 — .000 rT O87 T .O45 Y O76 Ii-- .002 
95.2 070 = .605 — .054 = .044 O31 O15 |— .005 
4401.60 + 003 T .003 + .003 T .003 tT .002 t .0062 
04.9 +T.022  +.022 +t .042 T .O52 Tt .072 t .072 
12.2 + .O21 + .060 = Es T .O87 T .044 tT .CO2 |+.069 
25.6 — Sar — .100 T -022 T .047 tT .057 
27.4 — Osi — . O27 T .005 T .0O2 ».Ob2 0060 §— .008 
59.3 — .048 = O23 = 50 - .023 02 4 
04.7 = .053 OIg T -.O25 T .O55 T .O75 
60.7 = 087 = Coz — .007 tT .O0OQg T .O15 T.OI9 + .0I9 
68.6 —™ .000 000 T.O14 | +.035 tT .O55 T.008 + .073 
69.5. — .084 —=.050 | —.0Or7 t .O13 T .043 
73.0 + .o80 tT .022 + .020 + .040 — .OF0 O61 |— .085 
82.4 — .0260 ™ .o26 » .O27 — .048 OSI |— .105 
94.7. T .044 T .044 T .044 T -044 T .044 
4522.8 — .003 + .O11 — .OI1S — .020 + .024 - 52 
28.8 — .o16 000)6—Cls +- .0IO rT -O@s + .016 T.O17 |+.017 
23.2... — .O10 — 007 tT .003 T .034 tT .005 |+.084 
34.1. ; + .020 tT .O16 + .009 T .COS + .OOI 
49.7 —.044 | —.027 — .O13 Tr .003 T .O17 T.030 (+ .036 


* Omitted because it is used only 7 times by Kiistner and therefore would influence these results 
unduly if included. 
t Omitted because it is used only 4 times by Kiistner and therefore would influence these results 
unduly if included. ‘ 
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TABLE I—Continued 


A - Type Fs G Gs K Ks Ma Mb 
A 
4565.7 —.010 | —.016 | —.023 — .029 |— .031 
50.3 — .005 + .005 
86.1 — .007 +.050 +.001 + .025 + .035 |+.038 
4003.1 + .O16 
A 
Means — .0063  +.0067) +.0174, +.0188) +.0225 -+.0260-+.0260 
No. of lines. 38 45 40 50 46 35 31 
, 
Equivalent dif- km 1 
ference in ra->, +0. 43 —0.46 | —1.19 | —1.290 —1.60 —1.77 |\—1.77 


dial velocity 


of lines used (53) gives ample reliability to the main result, namely, 
that the systematic differences in the radial velocities of Lick and 
Bonn are largely (and perhaps nearly entirely) due to differences 
in the wave-lengths which were employed for the lines used in the 
reductions. 

Directly below the means of Ad in Table I are given the equiva- 
lent systematic differences in the radial velocities, in the sense 
(Albrecht— Bonn), which would result from the use of the two 
sets of wave-lengths respectively. 

TABLE II 


SYSTEMATIC DIFFERENCES IN RADIAL VELOCITIES 





j 
(a) (b (c) (d) 7 
Kiistner’s Kiistner’s Ludendorff, for | Due to Wave- — ’ 
— Observed Adopted Bonn First Lengths Used =~ uN hi ht _ng : 
we (Lick—Bonn) | (Lick — Bonn) _ Series (from Table I) ——' a 
4 (Lick — Bonn) (Albrecht — — ' 
Bonn) i 
— —_ — a $< Ss —— 0 EE — , 
km km ! km km 
F's +0.23 0.0 0.0 +0.43 3% 
G TO.15 0.0 —o.40 45 f 
—>—90.0 j 
G5 ; —1.06 —1.0 —t. 40 ; 
—1.42 ~—2.§ —1.29 5° 
—1.1 
K 5 —2.30 —2.3 —1.60 46 : 
M —2.78 —2.8 —2.4 2.97 35 


Table II gives a comparison of: (a) Kiistner’s observed mean 
differences (Lick—Bonn); (6) Kiistner’s adopted differences 
(Lick— Bonn); and (d) the differences (Albrecht— Bonn) with the 
number of lines upon which the values in (d) are based. 


a 
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The similarity between columns (a), (6), and (d) seems quite 
convincing. In fact, from types F5 to K they are nearly identical. 
The smaller value of (Albrecht— Bonn) in the M type is due with- 
out much doubt to one or more of the following causes: (1) the list 
of lines in Table I‘ does not constitute the complete list upon which 
the radial velocities are based; (2) for the reduction of each indi- 
vidual spectrogram only a small fraction of the total list of lines is 
employed, and it is therefore practically certain that the different 
individual lines have been used very unequal numbers of times in 
both the Bonn and Lick results; (3) though the writer’s wave- 
lengths—upon which the comparison rests—are based entirely 
upon measures of Lick spectrograms, there may readily be a small 
systematic difference between this system and the average for all 
the reductions of M-type stars in the Lick results. 

In column (c) of Table II have been added the results of Luden- 
dorff,? who has found similar systematic differences between Lick 
and Bonn for Kiistner’s first list of radial velocities. Whether the 
results for the first list may be looked upon as additional evidence, 
supplementary to the more definite evidence from the second list, 
cannot be decided with certainty without recourse to the wave- 
lengths used in the reduction of the first list, which were not 
published. However, it seems likely that the accordance is not 
accidental, but that the systems of wave-lengths of the two lists 
are approximately the same in a systematic sense, for the ordinary 
method of determining relative wave-lengths in the different 
spectral types by means of residuals leaves the system as a whole 
nearly unchanged. 

The question as to the proper distribution of these systematic 
differences between the two observatories need not be considered 
here in detail. Kiistner finds that his check plates (of type between 
G and Gs) give a systematic correction of —1.06 km, which must 
be very close to the exact amount required to bring the Bonn radial 
velocities for this type into coincidence with those from the Lick. 
As far as the evidence in Table II goes, it indicates that each of 

* Only my list of lines published in the article referred to is being used in this 
comparison. 


2 Astronomische Nachrichten, No. 4705, 1, 1913 
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these two observatories has succeeded in large measure in freeing 
its radial velocities for stars of the sun (G+) type from systematic 
error. 

The comparison of Kiistner’s radial velocities with those of the 
Lick Observatory refers only to types F5 to M. For the earlier 
type stars attention has already been called, in former notes,’ to 
the great uncertainty in the radial velocities on account of the 
presence in them of systematic errors of (at present) unknown 
amount, due to the considerable uncertainties as to the correct 
wave-lengths to be used for the lines which must be employed in 
determining these radial velocities. In the first of the two refer- 
ences quoted it was shown that the only two available good deter- 
minations with high dispersion of the wave-lengths of the three 
important silicon lines \ 4552.7, 4 4567.9, and 4574.9 differ 
from each other systematically by 0.090 A, corresponding to a 
systematic difference in the radial velocity obtained from them of 
6.0 km. In the laboratory spectra the lines are generally some- 
what diffuse and seem to be sensitive to the atmosphere surround- 
ing the spark. As far as the writer is aware, no further laboratory 
investigations of these lines have been made, and he wishes again 
to call attention to the importance of, and the need for, a definitive 
study of them in the laboratory, under a variety of different condi- 
tions. 

The systematic errors in stellar radial velocities which are dis- 
cussed above are independent of, and in addition to, other and at 
present almost entirely unknown systematic errors for which the 
source of error lies chiefly in the stars themselves, such as pressure 
and radial motions in the atmospheres. In this connection it may 
be well to refer to Campbell’s? inference, based on the recent work of 
Evershed on the sun, of rapid convection (radial motions) in stellar 
atmospheres as the source of the systematic differences which he 
found in the radial velocities for the different stellar spectral types, 
and which he designated by the letter K. 

* Publications of the Astronomical and Astrophysical Society of America, 2, 71, 
1911; ibid., 73. 


2 Lick Observatory Bulletin, No. 257, p. 82, 1914. 
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In Table III are given approximate values of Campbell’s 
K-term.* These are seen to be of the same order of magnitude 
as the quantities in Table II, which latter have been shown to be 
due to differences in the assumed wave-lengths. Nothing in 
Table III is in itself contradictory to the extreme view that the 
A-term may have its source entirely in the adopted wave-lengths. 
On the other hand, Campbell’s suggestion involves some difficulties, 
though these may not be insurmountable. Perhaps the most 
serious difficulty, in our present state of knowledge, would be to 
explain, on the basis of convectional currents in the atmospheres, 
the large value of the A-term in the M-type (see Table III). It 


TABLE III 


Type Campbell’s K-Term 
B... ee ae ai +4.0+#km 
x. +1.0 
ae +o.1 
OS. ds +0.0 
ee ee +2.0 
M.. ciner +4.0 


does not seem likely that in the M-type stars, which are presumably 
quite viscous and sluggish in comparison with the B-type stars, 
the radial convection in the atmosphere should be as rapid as in 
the B-type stars. It might be well, however, to bear in mind that 
the final reductions are likely to alter quite materially the values 
of the K-term in the different types, and that this difficulty may 
then disappear. That radial movements do occur in the stellar 
atmospheres is the direct inference from the recent work on the sun. 
Besides Evershed’s work, St. John has shown radial motion for 
Ca vapor? and Perot and Lindstreedt? for H, Mg, and Na. The 
extent to which these radial movements are involved in the stars 
is a problem for the future. 

As the writer has pointed out before, up to the present no ade- 
quate attempt has been made by the use of carefully studied sys- 
tems of wave-lengths to avoid introducing in the radial velocities 

'Op. cit., No. 196, p. 127, IgII. 

2 Astrophysical Journal, 32, 36, 1910. 


3 Comptes rendus, 152, 1367, 1911; 154, 326, 1912. 
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just such systematic errors as would result in a A-term. Until 
this has been done we cannot escape the inference that at least 
part of this term, and possibly the major part, may be due to sys- 
tematic errors of this kind. The problem is complicated in some 
respects by the fact that a large percentage’ of the lines in stellar 
spectra have different wave-lengths in the different spectral types. 
In other respects, however, the fact that these variations are pro- 
gressive as a function of the spectral type places in our hands an 
additional tool. Those lines which are of constant wave-length 
over a considerable range of spectral type promise to be the most 
important connecting links between the types, though additional 
adjustment may also be required. 

In another connection the writer has been engaged in the deter- 
mination of standards of wave-length for each stellar spectral type. 
These systems must be upon a fundamental basis as far as possible, 
and though—perhaps contrary to the general impression among 
astrophysicists—the laboratory wave-lengths are at present not 
as satisfactory for this purpose as could be desired, the writer 
believes that his systems will be sufficiently close approximations 
for present needs. For this reason it seems best to defer to a later 
date an attempt to separate from the A-term the portion which is 
due to the use of erroneous wave-lengths (erroneous for each type 
considered separately) from the portion that may be due to causes 
within the stars themselves. 


SUMMARY 

Stellar radial velocities are known to contain systematic errors. 
These may be separated into two divisions: (a) systematic differ- 
ences between the results for the same stars as observed at different 
observatories, and (6) systematic differences dependent upon the 
stellar spectral type, which were found by Campbell and designated 
by the letter K. The former must clearly be due to causes within 

* In Cérdeba Observatory Bulletin, No. 1, in the region of spectrum covered and for 
types A to M, an average of one line per 3.5 angstroms was found for which the wave- 
length varies as a function of the stellar spectral type. In the B-types the problem is 
more difficult, but here also several lines were found in 1907 and 1911 (not yet pub- 
lished) which seem definitely to vary in wave-length as we proceed from the early to 
the late B-types. 
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the control of the observer, i.e., the instruments and the methods 
of measurement and reduction of the spectrograms. The latter 
are due in part to these same causes, though they may—and prob- 
ably do—depend also upon causes within the stars themselves. 

Owing to the great perfection of modern stellar spectrographs, 
errors from instrumental sources must be nearly, if not entirely, 
negligible. The writer has previously shown: (1) that a large 
percentage of the spectrum lines vary in wave-length progressively 
as a function of the stellar spectral type; (2) that for many of the 
lines—and these must be used in determining the stellar radial 
velocities—the laboratory values of the wave-lengths are not suffi- 
ciently accurate to meet the requirements of the radial-velocity 
observer. This leads unavoidably to the inference that the syste- 
matic differences in the radial velocities under division (a) above 
are due in major part, if not entirely, to the adoption by different 
observers of different wave-lengths for the same lines. A discus- 
sion of the systematic differences between the radial velocities as 
determined at the Lick and Bonn observatories shows this to be 
true for these two observatories. 

From (1) and (2) in the preceding paragraph it is evident that 
the systematic errors K, dependent upon stellar type, will require 
revision. At present it is not feasible to separate from the A-term 
the portion that is due to the use of erroneous wave-lengths from 
the portion that may be due to causes within the stars themselves. 
In another connection the writer has been engaged in the deter- 
mination of standards of wave-length for each stellar spectral type. 
When these are completed it will be possible to attempt this 
separation. 

DUDLEY OBSERVATORY 


ALBANY, N.Y. 
September 24, 1914 
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MINOR CONTRIBUTIONS AND NOTES 


A SIMPLE METHOD FOR DETERMINING THE AMOUNT 
OF LIGHT LOST IN A STELLAR SPECTROGRAPH 


The proportion of light lost in a spectrograph may be deter- 
mined photographically by comparing the exposure time necessary 
to produce an ordinary trail at the focus, of the same length, width, 
and density as that of the spectrum, with the exposure time of the 
spectrum, for the same star. 

Owing to the great disparity in the times required to produce 
a trail and a spectrum of the same star with the same telescope, the 
trail should be very much widened and this difference of width 
allowed for. Usually bright stars are to be preferred for such 
experiments as the foregoing. 

As the spectrum will not be of uniform density, its average 
should be determined by measures at a number of points. 

It is hardly necessary to point out that the same emulsion of 
dry plates should be used for both spectrum and ordinary trail 
and that care should be exercised that the development is exactly 
alike, either by development together in the same bath or by means 
of standard squares from a reliable light-source, or, better still, by 
making exposures on the same plate where possible. 

Comparisons may be made for different dry plates and for 
different parts of the spectrum. 

It would also be of value to determine the loss for different 
widths of slit and qualities of ‘“‘seeing.”’ This latter would be of 
especial interest in the case of very large telescopes and would, I 
think, disclose great losses due solely to the spreading of the disk 
over a comparatively large area by atmospheric disturbances and 
by the bodily wanderings of the image from the slit due to instru- 
mental and atmospheric causes. 

To make certain of getting all of the starlight through the 
spectrograph for the case in which this condition is desired, the 
slit should be opened very wide. 
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The simple comparison of loss of light for different slit-widths 
would be of interest as compared with the total light falling on 
the slit-plates, and should be made as a part of such an investigation 
as suggested. 

Although especially developed for spectrographs used in stellar 
work, the above method is applicable to determining the loss where 
surfaces are dealt with. 

This method is also suitable for use with all forms of slitless 
instruments. 

C. D. PERRIN! 


OBSERVATORIO NACIONAL ARGENTINO 
CORDOBA 


May 16, 1914 














REVIEWS 


Die verdnderlichen Sterne. Erster Band: Geschichtlich-Technischer 
Teil. Von JOHANN GEORG HAGEN, S.J. Erste Lieferung: 
‘Die Ausriistung des Beobachters.”’ Freiburg: Herdersche 
Verlagshandlung, 1913. 4to, pp. xv+152. M. to. 

The pressing need of a comprehensive work on variable stars has 
been long felt, but the accelerated speed of discovery and the diversity 
of methods used in the last few years have made the need even more 
urgent. No branch of astronomy is so attractive to amateurs and none 
has been so dependent on amateurs for observational data, but the avail- 
able variable star material has been scattered among periodicals and 
fragmentary publications largely inaccessible even to the average pro- 
fessional astronomer, and beyond the reach of most amateurs. If the 
author had done nothing more than to collect the bibliography given on 
pp. ix-xv, he would be entitled to our gratitude; but in addition he has 
assorted, arranged, and condensed this rich material with a skill and ripe 
judgment which could come only from a lifetime devoted largely to this 
branch of astronomy, and evidenced by his previously published works, 
for example, the unrivaled Aélas Stellarum V ariabilium. 

The old epoch of exclusively visual observations ended with the 
application of photographic and spectroscopic methods, especially to the 
discovery of variable stars; and while there is no immediate prospect 
of the eye being superseded by the prism and plate, it is no longer the 
only or even the main reliance. It is therefore fitting that the history of 
visual methods and results should be written at this time. The present 
work is therefore distinguished by the demand, its timeliness, and the 
quality of its execution. 

The whole work is planned to appear in two volumes, of which the 
second, dealing with the physical explanation of the phenomena of 
variability, will be written by Father J. Stein. The present “ historical- 
technical”? volume is to appear in the following four parts: (I) ‘The 
Equipment of the Observer’; (II) ‘Methods of Observation”; (III) 
“Reduction of the Observation’; (IV) “Elements of the Light- 
Changes.’ The forthcoming publication of the great catalogue of 
variable stars, which has taken so much of the time of the Commission 
of the Astronomische Gesellschaft for the past thirteen years, will find 
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a fitting supplement in this more general work, though Part IV will 
apparently overlap the Gesellschaft catalogue. Taken together, these 
two works will cover the variable star field with great thoroughness, and 
will seem to secure for the Germans the lead in the literature of this 
branch of the science. 

The present work is intended as a “source book,’’ for which each 
reference has been verified with great care, and given (usually in its 
original language) in sufficient detail to make the meaning clear. For 
this reason the author does not consider the work a proper subject for 
translation, but believes rather that it should serve as a basis for manuals 
in the different languages. 

Only one who has tried to keep track of the literature scattered 
through so many periodicals can fully appreciate the wealth of material 
collected in the introduction and five chapters, as evidenced by a bare 
list of subjects: the beginnings and meaning of the theory of variation; 
methods of observation; history of the study of variables; publication 
of observations and results; the visible signs of variation; classification, 
number, and distribution of variables; catalogue, nomenclature, and 
alphabetical lists; instruments, charts, ephemerides, and directions for 
their use; observing program for known, recently discovered, and sus- 
pected variables; co-operation in observation. 

Without attempting to mention all the notable features of the work, 
the following points deserve special mention: (1) the table on p. 56 
comparing seven of the principal classifications proposed or in use; 
(2) the table on p. 62 showing the distribution with reference to the 
galaxy of the faint variables, the bright variables, the Algol-type, and 
the Novae; (3) the table on p. 68 giving the principal catalogues of 
variables; (4) the comparison of different systems of nomenclature given 
on p. 84; (5) the advice given in chap. v on the preparation of an observ- 
ing program, so much needed in view of the recent enormous increase 
in number of known variables. 

The point of view of the author is mainly historic, as shown by the 
statement on p. 5: “Visual observations without the aid of photometers 
or colorimeters will have especial attention, as they form the historic 
methods and have not yet been comprehensively treated.”” The few 
criticisms which might be made have to do mainly with astrophysical 
subjects. 

1. The statement on p. 6 in regard to the greater range of the photo- 
graphic, as compared with the visual light-curves of certain variables is 
correct; but that implies a change in color, i.e., the variable is redder 
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near minimum. This is inconsistent with the statement on p. 30 that 
stars varying in color have not yet been discovered. 

2. On p. 143, referring to ‘“‘short-period”’ variables, the author says 
“their spectra appear to lie chiefly between the types Oes5 and Bg”’; 
but the table on p. 56 shows that most “‘short-period”’ variables are of 
the £ Geminorum or 6 Cephei types, of which the spectra are usually of 
Harvard Class G. It seems probable that the author means to refer to 
the Algol-type variables. 

3. The statement on p. 34 that most modern Novae have been 
identified with previously existing stars seems open to question. 

4. On p. 41 the author states that “small departures [from regularity 
of period] up to 10 per cent occur with all variables.” Does this apply 
to the Algol and 6 Cephei types ? 

5. The statement is made on pp. 56-57 that “ knowledge of the inner 
mechanics of variables is disclosed only by spectrum analysis.”’ The 
discovery of color-changes might be added to the sources of such knowl- 
edge. 

6. The omission of the highly valuable observation of Yendell from 
the list on p. xv should be noticed. 

7. The lack of an index will doubtless be supplied in the later parts 
of the volume. 

The best proof of the usefulness of a book is the use that is made of 
it. This book has already been drawn upon as a source by Kempf in 
his fifth edition of Newcomb-Engelmann’s Populdre Astronomie, and by 
Hartwig in his “1914 Ephemeris of Variable Stars’’ in the Viertel- 
jahrsschrift. 

The format, 9X12 inches, is inconveniently large and is not required 
by any tabular matter in this part, but may be needed in later parts. 
The type and presswork are extremely good, and the price, $2.70 net, 
is low. American purchasers can secure copies from Herder’s St. Louis 
branch, at 17 South Broadway. 

J. A. PARKHURST 

YERKES OBSERVATORY 

Wituiams Bay, Wis. 


Beyond the Atom. By JoHN Cox. Cambridge Press, 1913. 12mo, 
pp. i+146. $o.40. 

This is a charming little primer on radio-activity written by one who 

is at the same time a physicist, a philosopher, and a literary artist. The 

two most delightful chapters are the first, which deals with the growth 
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of physical ideas from 1800 to 1890, and the last, which presents the 
necessarily vague and impressionistic picture of the ‘“‘new atom”’ and 
its relations to the physical world. The material between these two 
chapters is divided into seven others and represents largely an abridg- 
ment and restatement in most readable form of the content of Ruther- 
ford’s Radio-Active Substances and Their Radiations. 1 know of no better 
short treatment of the subject for the non-technical reader. It is both 
reliable and interesting. The only defect is a certain lack of up-to- 
dateness shown in the inclusion of some old values of constants and in 
the omission, though published in 1913, of the epoch-making work of 
Laue and his co-workers, published in 1912. In view, however, of the 
rapidity with which new points of view chase one another across the stage 
of modern physics, it is scarcely possible even for the actors to get a 
wholly correct view of the present situation, and a book must necessarily 
depict an act which is past rather than the one which is passing. 
R. A. MILLIKAN 
UNIVERSITY OF CHICAGO 
May 11, 1914 
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NOTICE 

The scope of the ASTROPHYSICAL JOURNAL includes all investigations of 
radiant energy, whether conducted in the observatory or in the laboratory. 
The subjects to which special attention is given are photographic and 
visual observations of the heavenly bodies (other than those pertaining to 
‘astronomy of position’’); spectroscopic, photometric, bolometric, and radio- 
metric work of all kinds; descriptions of instruments and apparatus used in 
such investigations; and theoretical papers bearing on any of these subjects. 

Articles written :n any language may be accepted for publication, but 
unless a wish to the contrary is expressed by the author, they usually will be 
translated into English. Tables of wave-lengths will be printed with the 
short wave-lengths at the top, and maps of spectra with the red end on the 
right unless the author requests that the reverse procedure be followed. 

Accuracy in the proof is gained by having manuscripts typewritten, 
provided the author carefully examines the sheets and eliminates any errors 
introduced by the stenographer. It is suggested that the author should 
retain a carbon or tissue copy of the manuscript, as it is generally necessary 
to keep the original manuscript at the editorial office until the article is 
printed. 

All drawings should be carefully made with India ink on stiff paper, 
usually each on a separate sheet, on about double the scale of the engraving 
desired, Lettering of diagrams will be done in type around the margins of 
the cut where feasible. Otherwise printed letters should be put in lightly 
with pencil, to be later impressed with type at the editorial office, or should 
be pasted on the drawing where required. 

Where unusual expense is involved in the publication of an article, 
either on account of length, tabular matter, or illustrations, arrangements 
are made whereby the expense is shared by the author or by the institution 
which he represents. 

Authors will please carefully follow the style of this JOURNAL in regard 
to footnotes and references to journals and society publications. 

Authors are particularly requested to employ uniformly the metric units 
of length and mass; the English equivalents may be added if desired. 

If a request is sent wth the manuscript, one hundred reprint copies of 
each major article, bound in covers, will be furnished free of charge to the 
author. Additional copies may be obtained at cost price. No reprints can 
be sent unless a request for them is received before the JOURNAL goes to press. 

Che editors do not hold themselves responsible for opinions expressed 
by contributors. 

The ASTROPHYSICAL JOURNAL is published during each month except 


February and August. The annual subscription price is $5.00; postage on 
foreign subscriptions, 62 cents additional. Business communications should 


be addressed to 7he University of Chicago Press, Chicago, //1. 

All papers for publication and correspondence relating to contributions 
should be addressed to the Editors of the ASTROPHYSICAL JOURNAL, The 
University of Chicago, Chicago, Illinois, U.S.A. 
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ERRATA 


Vol. 39, May 1914, in Professor Grabowski’s article ‘‘On the Theoretical 
Photometry of Diffuse Reflection”’: 
Page 299, line 20, cancel diffuse scattering or. 
~ ooo, ™ 
tion is. 


5, for This value is, read The value of J for this direc 
Page 302, line 15, for The, read Thus, the. 
** 303, lines 7, and 20, for 1 1—s?+a? read ) I1-S?& 
03, line 8, for illumination, read the emanating radiation 
05, ‘* 1, for the first, read also the first. 

305, ‘ 30, on the right margin add the designation (4) of the 
equation. 
Page 306, lines 15 and 27, for normals to the mirror, read normals of mirrors. 
Page 306, line 26, after element add of the body. 


Vol. 39, May ror4, in the article by Adams and Kohlschiitter, on ‘‘ The Radial 
Velocities of One Hundred Stars with Measured Parallaxes”’ 


Page 340, line 15, for o’01, read 0” to. ' 
Vol. 39, June 1914, in Professor Barnard’s article on “ Visual Observations of ; 
Halley’s Comet in 1910”’: 4 
Opposite page 380, Plate VIII, middle photograph, for 18"5, read 201. 
Vol. 40, July 1914, in Professor Plaskett’s article on ‘‘Improvements in the : 


Optical System of the Stellar Spectograph”’: 
Page 133, heading of Table IV, for exponents, read exposures. 
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Recent and Forthcoming Publications 
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The Evolution of Early Christianity. By Shirley Jackson Case, 
Associate Professor of New Testament Interpretation in the 
University of Chicago. 

x-+ 386 pages, 12mo, cloth; $2.25, postage extra (weight 1 Jb. 11 oz.) 


The beginnings of the Christian movement are here studied 
from a wholly new point of view. By examining the actual 
religious situation in which the Christians of the first century 
lived, the author is able to shed fresh light on many parts of the 
New Testament. Some of the subjects discussed are Christian- 
ity’s developmental nature, the importance of environment for 
Christian origins, the early believers’ Jewish connections and the 
causes of their break with Judaism, their contact with various 
gentile religions such as emperor worship, Stoicism, and oriental 
mystery cults, and the ultimate triumph of Christianity. 


Water Reptiles of the Past and Present. By Samuel Wendell 
Williston, Professor of Paleontology in the University of 
Chicago. 


viii+252 pages, royal 8vo, cloth; $3.00, postage extra (weight 2 lbs. 8 oz.) 


Professor Williston, who is widely known as a student of ex- - 
tinct reptiles and as the author of American Permian Vertebrates, 
which has now become a recognized authority, presents in this 
new volume a summary, divested as far as possible of unneces- 
sary scientific details, of our present knowledge concerning the 
reptiles of the seas, lakes, and rivers of past and present times. 
While no attempt has been made, save incidentally, to discuss 
the strictly terrestrial reptiles, twelve of the fourteen orders of 
the class recognized by the author are treated more or less fully 
—their structure, habits, geological distribution, etc. Unlike 
most of the works for the general reader treating of “ancient 
monsters,’’ the present work is by an author who has spent many 
years in the field and laboratory in the collection and study of 
extinct reptiles, upon which he has an international reputation 
as an authority. 








The numerous illustrations, in large part from the pen or 
brush of the author himself, include not only living types and 
twenty-four restorations of extinct forms, but also many figures 
elucidating the structure and habits of the animals. 


William James and Henri Bergson. A Study in Contrasting 
Theories of Life. By Horace Meyer Kallen, of the Univer- 
sity of Wisconsin. 

xii-+ 248 pages, 12mo, cloth; $1.50, postage extra (weight 1 lb. 5 0z.) 

This volume by Dr. Kallen, of the University of Wisconsin, 
is a study in philosophic contrasts. It points out how William 
James and Henri Bergson, although showing certain general 
tendencies of thought, formulate divergent, and in some respects 
antagonistic, theories of life and fate. Beginning with a novel 
critique of the philosophic tradition the book makes clear how, 
in the conceptions of method, of the nature of reality, of the 
existence and character of the gods, of the nature and destiny 
of the human soul, Bergson, with all his originality, merely con- 
tinues the tradition of transcendentalism, while James in each 
instance strikes out anew. 

This highly interesting and significant book on the relation 
between the philosophies of William James and Henri Bergson 
is the work of a man who had the privilege of being a student 
under both men, and who was chosen by the late Professor 
James to edit his unfinished work. 


The Weather and Climate of Chicago. (Bulletins of the Geo- 
graphic Society of Chicago.) By Henry J. Cox, Professor of 
Meteorology, United States Weather Bureau, and John H. 
Armington, Local Forecaster, United States Weather Bureau. 


xxvi-+ 376 pages, 8vo, cloth; $3.00, postage extra (weight 3 lbs. 1 oz.) 


Of general interest because of its character and authority, 
this book is naturally of peculiar interest to residents of Chicago 
and the Middle West. Its importance is indicated by the 
fact that it is issued under the auspices of the Geographic 
Society of Chicago, and has been prepared by two of the best 
known weather experts in the country. It includes discussions 
of a great variety of subjects, such as temperature, precipitation, 
atmospheric moisture, cloudiness and sunshine, wind direction 
and velocity, barometric pressure, and storm tracks; and among 
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the interesting appendixes to the book are one on the weather of 
holidays and another containing journal entries relative to the 
great Chicago Fire of 1871. 

The volume contains also a remarkable series of tables with 
reference to temperature, precipitation, atmospheric moisture, 
and atmospheric pressure—one hundred and forty-seven in all, 
with more than one hundred figures and plates. 


The Lincoln and Douglas Debates. (Publications of the Chicago 
Historical Society.) By Horace White. 


With 4 plates. 32 pages, 8vo, paper; 25 cents, postpaid 27 cents 


This account of the famous debates is notable because the 
writer accompanied Mr. Lincoln on his tour of Lllinois and re- 
ported his speeches. Mr. White’s later experience as editor of 
the Chicago Tribune and of the New York Evening Post peculiarly 
qualifies him for setting forth adequately the character and 
effects of the debates. 


The Nation. The pamphlet would be an admirable supplement to any 
textbook in United States history. 


The Problems of Boyhood. A Course in Ethics for Boys of High- 
School Age. By Franklin Winslow Johnson, Principal of 
the University High School, University of Chicago. 


Xxvi-+ 130 pages, 12mo, cloth; $1.00, postage extra (weight 1 Ib.) 


This book, prepared by the laboratory method, is the result 
of the experience of a teacher of boys in the high school, a leader of 
high-school boys in the Sunday school, and of work with boys 
of a similar age in Young Men’s Christian Association groups. 
Such topics as Keeping Clean, Habits, Gambling, Betting, 
Clean Speech, Right Thinking, Sex, Loyalty, Self-Control, and 
other themes of equal importance are discussed informally and 
in such a way as to arouse the keenest interest on the part of 
boys. This long-needed book will be useful, not only in the 
Sunday school, but in day-school and Association classes. It is 
the first book in the field to start with a recognition of the boy’s 
point of view. 
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Graded Social Service for the Sunday School. By William Nor- 
man Hutchins. 


xii + 135 pages, 16mo, cloth; 75 cents, postage extra (weight 12 0z.) 


A highly suggestive discussion of the question as to what 
may be done in the Sunday school to convert its social teaching 
from theory into practice. As the outcome of a wide study of 
present activities the author presents a varied program of possi- 
bilities, from which teachers and workers may select according 
to the conditions in their own schools. 


The Sunday-School Building and Its Equipment. By Herbert 
Francis Evans, Professor of Religious Education in Grinnell 
College. 


xvi+ 116 pages, 16mo, cloth; 75 cents, postage extra (weight 12 oz.) 


With the modern reorganization of the curriculum of the 
Sunday school there has come an urgent demand for adequate 
housing of the school; and the author in this book answers the 
question as to how buildings should be constructed for Sunday- 
school use, and how old buildings may be remodeled at a moder- 
ate expense. It is the most recent practical discussion of 
Sunday-school architecture. 


Unpopular Government in the United States. By Albert M. Kales, 
Professor of Law in Northwestern University. 


viii + 264 pages, 12mo, cloth; $1.50, postage extra (weight 1 lb. 8 oz.) 


This volume by a prominent member of the Chicago bar is 
an especially timely book, presenting with great clearness and 
cogency some of the political needs of the country, particularly 
the necessity of the short ballot. The author defines unpopular 
government as one of centralized power which is able to main- 
tain itself in the face of popular disapproval. He then points 
out that the establishment in the United States of state and 
municipal governments, according to the plan of splitting up the 
power of government among many separate offices and requiring 
the widest and most frequent use of the elective principle, has 
cast so great a burden upon the electorate that an intelligent 
citizen is reduced to a state of political ignorance inconsistent 
with self-government. This situation has made it possible, he 
thinks, for a well-organized hierarchy to acquire the real power 
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of government and to retain it, in the face of popular disapproval, 

for selfish ends. Such leaders the author characterizes as “ polito- 

crats.” 

The first part of the volume deals with the rise of the “‘polito- 
crats’’; the second discusses various expedients for restoring the 
American ideal of democracy; while the third considers con- 
structive proposals like the commission form of government for 
smaller cities, and the application of the principles underlying 
this form to larger cities and the state, and to the selection of 
judges. 

Chicago Tribune. Albert M. Kales, Professor of Law in Northwestern 
University, has written a book which ought to be read wherever 
citizens are perplexed by the intricacies and distressed by the failures 
of government. 


Chicago and the Old Northwest, 1673-1835. By Milo Milton 
Quaife, Superintendent of the Wisconsin State Historical 
Society. 

viii+ 480 pages, 8vo, cloth; $4.00, postage extra (weight 2 lbs. 14 oz.) 

This book recounts, in a manner at once scholarly and 
dramatic, the early history of Chicago. Important as this 
subject is, it is not treated solely for its own sake. The author’s 
larger purpose has been to trace the evolution of the frontier 
from savagery to civilization. From the point of view of Chicago 
and the Northwest alone the work is local in character, although 
the locality concerned embraces five great states of the Union; 
in the larger sense its interest is as broad as America, for every 
foot of America has been at some time on the frontier of 
civilization. It is believed that this book will take rank as the 
standard history of Chicago in the early days. 

The Nation. In this monograph [on the history of Fort Dearborn] we 


have one of the most careful studies in Western history that has 
ever been made. 


Masters of the Wilderness. By Charles B. Reed. (Chicago 
Historical Society, ‘Fort Dearborn Series.’’) 


xii-++ 144 pages, 16mo, cloth; $1.00, postage extra (weight 12 oz.) 


In reproducing these romantic episodes of our exploration 
era the author has neither exaggerated the color nor distorted 
the facts of that intensely human period. The opening essay, 
which gives its title to the volume, is a highly interesting and 
carefully wrought account of the origin and upgrowth of the 
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Hudson’s Bay Company, with a portrayal of its powerful influ- 
ence on the development of Canada. ‘The Beaver Club,”’ the 
second essay in the volume, is closely allied to the first, and con- 
cerns a social club of Montreal the members of which were drawn 
from the partners and factors of the Northwestern Fur Company, 
for many years a rival of the Hudson’s Bay Company. For 
forty years this club dominated the commercial, political, and 
social life of Canada. The concluding essay, “A Dream of Em- 
pire,’’ recounts with many fresh details the adventures of Tonty 
in Old Louisiana. 
The Mississippi Valley Historical Review. The style is narrative and 
picturesque, and the book as a whole is a valuable contribution to 
our western history. 


London in English Literature. By Percy Holmes Boynton, Associate 
Professor of English Literature in the University of Chicago. 


xii-+ 346 pages, 8vo, cloth; $2.00, postage extra (weight 2 lbs. 2 oz.) 


This volume differs from all other volumes on London in 
that it gives a consecutive illustrated account of London, not from 
the point of view of the antiquarian, but from that of the inquiring 
student of English literary history. 

It deals with ten consecutive periods, characterized in turn 
by the work and spirit of Chaucer, Shakespeare, Milton, Dryden, 
Addison, Johnson, Lamb, Dickens, and by the qualities of Vic- 
torian and contemporary London. The emphasis is thus dis- 
tributed over history and given largely to the richer and more 
recent literary periods. The temper of each epoch is discussed, 
and then in particular those literary works which are intimately 
related to certain localities in London. 

The work contains four maps and forty-three other illustra- 
tions, selected from the best of a great fund of material. As 
further aids to the student or the general reader, the sources of 
all material are indicated by footnotes and lists of illustrative 
reading are appended to each chapter. There are also an 
appendix with detailed references to illustrative novels, and a 
carefully compiled index. 


The Outlook (London). For the use of students of English history on its 
social side the book is of the highest possible value... . . It has 
values far transcending that of mere utility, and we do not think we 


praise it too highly when we count it worthy to rank with the litera- 
ture it has used so adroitly. 
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Francesco Petrarca and the Revolution of Cola di Rienzo. A Study 
in the History of Rome during the Middle Ages. By Mario 
Emilio Cosenza, Instructor in Latin in the College of the City 
of New York. 


xiv + 330 pages, 12mo, cloth; $1.50, postage extra (weight 1 lb. 4 oz.) 


In these pages the author draws a picture of Petrarch as a 
statesman, believing that even if Petrarch had never written a 
sonnet in praise of Laura he would still be dear to many genera- 
tions of Italians for having been the first real Italian patriot—a 
man who was not bounded by narrow partisanship but who 
through a long and active life was wholly devoted to the cause of 
a unified Italy. Dr. Cosenza has chosen for special treatment 
Petrarch’s relations with Cola di Rienzo, because they constitute 
a story that is virtually a chapter in the history of Rome during 
the Middle Ages. The material of the present volume is drawn 
chiefly from Petrarch’s letters, from the extremely important 
correspondence of Cola di Rienzo, and from the equally important 
archives of the Roman church. Nearly all this material is new 
to the English language. The notes are detailed enough to make 
clear Petrarch’s many allusions. The book is written with the 
charm of a vital scholarship and with intimate feeling for its 
subject, and the incidents connected with the lives of the two 
great Italians who lived centuries in advance of their times have a 
remarkable variety and interest. 


Boston Evening Transcript. As we read these extracts from the letters of 
Petrarca, and the scholarly notes that accompany them, we are con- 
vinced that, whatever the opinion of the papal court, Petrarca was a 
great statesman. 


Materials for the Study of Elementary Economics. Edited by 
Leon Carroll Marshall, Chester Whitney Wright, and James 
Alfred Field, of the Department of Political Economy in the 
University of Chicago. 

xviii + 928 pages, 8vo, cloth; $2.75, postage extra (weight 3 lbs. 8 oz.) 
Special Library Edition, $4.50, postage extra (weight 3 lbs. 14 oz.) 


This volume of nearly a thousand pages is intended to supply 
to students of elementary economics a collection of readings, 
illustrating the working of economic principles in actual life. 
The material is drawn from the most various sources—books, 
magazines, newspapers, commission reports, court decisions, 
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corporation charters, government circulars, etc. The selections 
have been carefully edited, so as to eliminate unsuitable material 
and present the documents in the most usable form. 

The volume, which is intended to be used in connection 
with any standard text, has already been adopted by many of 
the leading institutions of the country. 


Professor Edwin R. A. Seligman, Columbia University. We count ourselves 
fortunate to have so good a book at our command. 


A Study of Chicago’s Stockyards Community. An Investigation 
Carried on under the Direction of the Board of the Uni- 
versity of Chicago Settlement. 

I. Opportunities in School and Industry for Children of the Stockyards 
District. By Ernest L. Talbert. 
vi + 64 pages, royal 8vo, paper; 25 cents, postpaid 28 cents 
II. The American Girl in the Stockyards District. By Louise 
Montgomery. 
vi + 70 pages, royal 8vo, paper; 25 cents, postpaid 29 cents 
Il]. Wages and Family Budgets in the Chicago Stockyards District. 
With Wage Statistics from Other Industries Employing Un- 
skilled Labor. By J.C. Kennedy and Others. 
86 pages, royal 8vo, paper; 25 cents, postpaid 29 cents 
These studies of the stockyards district were undertaken to 
secure accurate and detailed information regarding the living 
and working conditions of the people in the neighborhood of the 

University of Chicago Settlement. For nineteen years this 

Settlement has been working, together with other progressive 

elements in the neighborhood, to solve the problems arising in 

an industrial community composed chiefly of recent immigrants. 

The residents of the Settlement have become an integral part of 

the community and are called upon repeatedly for advice and 

assistance, especially by immigrants unfamiliar with American 
customs, laws, and institutions. 


Social Programmes in the West. (The Barrows Lectures.) By 
Charles Richmond Henderson, Head of the Department of 
Practical Sociology in the University of Chicago. 

Xxviii + 184 pages, 8vo, cloth; $1.25, postage extra (weight 1 lb. 10 oz.) 
The Barrows Lectures (1912-13) delivered with so much 
success in the Far East by Professor Henderson are included 
in this volume, which is also published in India by the Macmillan 
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Company. The subjects of the lectures are as follows: “ Founda- 
tions of Social Programmes in Economic Facts and in Social 
Ideals,” ‘Public and Private Relief of Dependents and Abnor- 
mals,” “‘Policy of the Western World in Relation to the Anti- 
Social,” “ Public Health, Education, and Morality,” “Movements 
to Improve the Economic and Cultural Situation of Wage- 
Earners,” and “Providing for Progress.’”’ The author, in his 
preface, says that “the necessity of selecting elements from the 
social activities of Europe and America, which might have value 
in the Orient under widely different conditions, compelled a 
consideration of the materials from a new point of view.” The 
introduction includes, besides a syllabus of the six lectures, the 
Letter of Commission from the officers of the three great inter- 
national associations for labor legislation, asking the lecturer to 
present their aims wherever it was possible in India, China, and 
Japan. There is also included a statement by Professor E. Fuster, 
of Paris, of the aims of the international associations on social 
legislation. 


Boston Evening Transcript. The lectures will be of value to American 
readers in that they concisely place before them the social problem 
in its most fundamental aspects. 


Christian Faith for Men of Today. By E. Albert Cook, Professor 
of Systematic Theology in the Congregational College of 
Canada. 


xiv + 260 pages, 12mo, cloth; $1.25, postage extra (weight 1 lb. 8 oz.) 


This volume contains a clear and reasonable interpretation 
of life from the Christian point of view, and some definite formu- 
lation of those beliefs that have proved most effectual in the 
development of individual character and in the promotion of the 
welfare of society. Professor Cook believes that Christianity 
is the religion which best meets the needs of all races and classes. 
The convenient arrangement of the material in numbered para- 
graphs, the valuable appendices, and the general systematic 
treatment of the subject commend the book as a popular text 
for college men and women, and for adult classes and clubs as 
well as for general reading. 


The Independent. To those desiring a systematic statement of the main 


doctrines of Christianity we can cordially recommend Dr. Ezra A. 
Cook’s Christian Faith for Men of Today. 
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The Assyrian and Babylonian Letters Belonging to the Kouyun- 
jik Collections of the British Museum. Parts XII and XIII. 
Edited by Robert Francis Harper. 


Part XII, pp. xviii+ 120 plates of texts. 8vo, cloth; $6.00, postage extra (weight 1 lb. 
I2 OZ.) 

Part XIII, pp. xx +118 plates of texts. 8vo, cloth; $6.00, postage extra (weight 1 Ib. 
12 02.) 


These two parts present further instalments of the texts of 
the Letter Tablets now to be found in the Kouyunjik Collec- 
tions of the British Museum. Part XII contains the texts of 
one hundred tablets; Part XIII, the texts of ninety-seven tablets. 
These two parts contain, in addition to the texts, eight collotype 
reproductions of the tablets themselves, which add much to the 
beauty and interest of the volumes. Part I was published in 
1892, and the series was about to be completed by Professor 
Harper at the time of his death in August of this year. Part 
XIV, on which he was then working, was planned to cover all the 
remaining letters of value in the collection. This volume will be 
completed with the co-operation of Professor Leroy Waterman of 
Meadville Theological Seminary, who has acted as Professor 
Harper’s assistant in this undertaking in recent years, and will be 
published early in ro1s. 


The French Verb: Its Forms and Tense Uses. By William A. 
Nitze and Ernest H. Wilkins, of the Department of Romance 
Languages and Literatures, the University of Chicago. 

40 pages, 8vo, paper; 25 cents, postpaid 28 cents 
French Verb Blanks, per pad, 25 cents; postage extra (weight 14 0z.) 

This little book prepared by Professor Nitze and Professor 
Wilkins, of the Department of Romance Languages and Litera- 
tures in the University of Chicago, will be of especial interest and 
value to all students and teachers of French because of the great 
help it gives in the mastery of the French verb. It is intended 
to facilitate familiarity with the verb forms and fix them in the 
student’s memory by associating those tenses which are actually 
related in form. A method of classroom drill is suggested; the 
table and discussion of tense uses are self-explanatory; and 
the illustrative material, when quoted, is drawn from standard 
nineteenth-century writers. 

Verb blanks, for the suggested arrangement of verb forms, 
will be supplied in pads at the prices indicated above. 
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The Hildebrandslied. Translated from the Old High German into 
English Alliterative Verse by Francis A. Wood, Professor 
of Germanic Philology in the University of Chicago. 


iv + 12 pages, 16mo, paper; 20 cents, postpaid 21 cents 


In this booklet Professor Wood, of the Department of 
Germanic Languages and Literatures in the University of 
Chicago, not only has given a highly interesting and scholarly 
account of the various versions of this famous song, but has also 
caught very successfully in his translation the spirit of the 
original. He has succeeded also in reproducing the effect of 
Germanic alliterative poetry, of which this poem is so remark- 
able an example. He includes in his essay a full discussion of 
the metrical form, as well as a metrical translation of a late 
Middle High German version, which will be of peculiar interest 
to all students of early Germanic literature. 


Studies in Greek Noun-Formation. Based in Part upon Material 
Collected by the Late A. W. Stratton, and Prepared under the 
Supervision of Carl D. Buck. 


Labial Terminations, II], 1V. By Edgar Howard Sturtevant. 


60 pages, royal 8vo, paper; 50 cents, postpaid 53 cents 


A Manual for Writers. By John M. Manly, Head of the Depart- 
ment of English in the University of Chicago, and John A. 
Powell, of the University of Chicago Press. 

viii + 226 pages, 12mo, cloth; $1.25, postage extra (weight 1 Ib. 6 oz.) 
Paper; $1.00, postage extra (weight 1 lb. 2 oz.) 

A book designed to aid authors and all others who are con- 
cerned with the writing of English. It aims to answer the 
practical questions that constantly arise in the preparation of 
manuscripts for the printer, and the correcting of proof, busi- 
ness and social letters, and any sort of composition where cor- 
rectness of form is an important element. 

Many years of experience in authorship, in editorial work, 
and in the everyday routine of a large business office have fitted 
the authors of this work to appreciate the difficulties which 
all classes of writers encounter, and to provide an authoritative 
answer to the many questions these difficulties give rise to. 

The Independent. If writers generally would study this little book, the 

editor would find half his occupation gone. 
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Elements of Debating. A Manual for Use in High Schools and 
Academies. By Leverett S. Lyon. 


x + 136 pages, 12mo, cloth; $1.00, postage extra (weight 14 0z.) 


The aim of the book is to put the well-established principles 
of the art of debating within the reach of young students. It 
therefore presents the elements of public speaking so freed from 
technicality that the student may assimilate them in the shortest 
possible time and with the least possible interpretation by the 
teacher. 

The book consists of ten chapters and a number of appen- 
dices. Each chapter is preceded by an analysis of the subject 
and followed by a series of suggested exercises. The whole 
subject is treated in a direct, practical way with the greatest 
possible clearness, and with illustrations drawn from subjects 
familiar and interesting to high-school boys. It is entirely 
modern in that it lays stress on efficiency, rather than on theo- 
retical perfection. Illustrations are given from some of the most 
effective arguments ever written, and a list of suggested topics 
is added in an appendix. 

Education. An admirable manual that will be helpful to the many students 


in college and high school who wish to fit themselves for public 
speaking. 


Animal Communities in Temperate America. A Study in Animal 
Ecology. (Bulletins of the Geographic Society of Chicago.) 
By Victor Ernest Shelford, Assistant Professor of Zoilogy 
in the University of Illinois. 


xiv + 362 pages, 8vo, cloth; $3.00, postage extra (weight 2 lbs. 12 0z.) 


This volume by Dr. Shelford presents the principles of 
field ecology, illustrated by the more widely distributed animal 
habitats of the eastern half of temperate North America, and 
the aquatic habitats of a much larger territory. Six chapters 
deal with general principles. 

In several chapters animal communities of lakes, streams, 
swamps, forests, prairies, and various soils and topographic 
situations are considered from the point of view of modern 
dynamic ecology. A very valuable feature of the book is the 
three hundred figures of widely distributed animals chosen to 
represent the chief types of animal communities and their 
characteristic modes of life. 
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Bulletin of the American Geographical Society. ‘This book is unique in that 
it is a pioneer of its sort and the first serious attempt to treat of the 
physiology of organisms and of animal communities in such shape as 
to serve as an adequate text and reference work for students. 


Artificial Parthenogenesis and Fertilization. By Jacques Loeb, 

Member of the Rockefeller Institute for Medical Research. 
x + 312 pages, 12mo, cloth; $2.50, postage extra (weight 2 lbs. 4 oz.) 

This new work presents the first complete treatment of the 
subject of artificial parthenogenesis in English. Professor Loeb 
published four years ago a book in German under the title Die 
chemische Entwicklungserregung des tierischen Eies. Mr. W. O. 
R. King, of the University of Leeds, England, translated the 
book into English, and the translation has been revised, en- 
larged, and brought up to date by Professor Loeb. It gives, as 
the author says in the preface, an account of the various methods 
by which unfertilized eggs can be caused to develop by physico- 
chemical means, and the conclusions which can be drawn from 
them concerning the mechanism by which the spermatozoén 
induces development. Since the problem of fertilization is in- 
timately connected with so many different problems of physi- 
ology and pathology, the bearing of the facts recorded and 
discussed in the book goes beyond the special problem indicated 
by the title. 

British Medical Journal. The author has gained a world-wide reputation 
for his achievements in artificial fertilization, and this work shows how, 
according to his observations, the action of well-known chemical and 
physical agencies may be substituted for that of the living spermato- 
zZoon. 


PUBLICATIONS OF THE CHICAGO 
HISTORICAL SOCIETY 
The University of Chicago Press has become the publishing 


and distributing agent for the following books and pamphlets 
of the Chicago Historical Society: 


Masters of the Wilderness. By Cuarves B. Reep. (“Fort}Dearborn 
Series.) 154 pages, 16mo, cloth; $1.00, postage extra (weight 12 0z.). 


COLLECTIONS 
Vol. I. History of the English Settlement in Edwards County, Illinois. 
By GeorGE FLower. Out of print. 
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Vol. II. Biographical Sketch of Enoch Long, an Illinois Pioneer. By 
HarveY REID. 134 pages, royal 8vo, cloth; $1.00, postage extra 
(weight 1 Ib. 8 oz.). 

Vol. III]. The Edwards Papers. Edited by E. B. WASHBURNE. 662 


pages, royal 8vo, cloth; $3.50, postage extra (weight 4 lbs.). ‘ 
Vol. IV. Early Chicago and Illinois. Edited by Epwarp Gay Mason. 

538 pages, royal 8vo, cloth; $3.00, postage extra (weight 3 lbs. 10 0z.). 
Vol. V. The Settlement of Illinois. By ARTHUR CLINTON BOGGEsS. 

268 pages, royal 8vo, cloth; $2.00, postage extra (weight 2 lbs. 6 0z.). 

PAMPHLETS 
Crown 8vo, paper; 27 cents each, postpaid 

The Lincoln and Douglas Debates. By Horace WHITE. 
Early Society in Southern Illinois. By ROBERT W. PATTERSON. 
Eleazer Williams. By WiLtiIAM WARD WIGHT. 
The Chicago Common Council and the Fugitive Slave Law of 1850. By } 


CHARLES W. MANN. 
Early Days of Peoria and Chicago. By Davip McCuLtoucu. 
In Memoriam: John Nelson Jewett. 


The Boundary Dispute between Illinois and Wisconsin. By WILLIAM 
RADEBAUGH. 


Some Indian Landmarks of the North Shore. By FRANK R. GROVER. 
Biographical Sketch of Hon. Joseph Duncan. By E. W. BLATCHFORD. 


Biographical Sketch of Hon. John Peter Altgeld. By Epwarp Oscoop 
BROWN. 


The Old Kaskaskia Records. By CLARENCE WALWORTH ALVORD. 


Abraham Lincoln: The Evolution of His Emancipation Policy. By PAu 
SELBY. 

Chicago Historical Society: 1857-1907. Addresses by Ezra B. McCaco 
and FRANKLIN H. HEAD. 

The Indian as a Diplomatic Factor in the History of the Old Northwest. By 
Isaac JOSLIN Cox. 


Father Pierre Francois Pinet and His Mission of the Guardian Angel of 
Chicago. By FRANK R. GROVER. 


Biographical Sketch of Gurdon Saltonstall Hubbard. By Henry E. 
HAMILTON. 


The Masters of the Wilderness. By CHARLES B. REED. 


The Preamble and Boundary Clauses of the Illinois Constitution. By 
HERMAN G. JAMES. 
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FORTHCOMING BOOKS 
The University of Chicago Science Series 


This important new series will enable the investigator to 
present the results of his special researches, not only to a wider 
public, but to his scientific colleagues, in a form more attractive 
and accessible than is possible through scattered contributions 
in technical journals. 

The following volumes are already in preparation: 

The Origin of the Earth. By Thomas C. Chamberlin, Head of the Depart- 
ment of Geology in the University of Chicago. 

The Evolution of Sex in Plants. By John Merle Coulter, Head of the Depart- 
ment of Botany in the University of Chicago. 

The Isolation and Measurement of the Electron. By Robert Andrews Millikan, 

Professor of Physics in the University of Chicago. 


Finite Collineation Groups. By Hans F. Blichfeldt. 


The Parts of the Body in Old Germanic and Scandinavian. (Linguistic 


Studies in Germanic.) By Thorild W. Arnoldson. 
Selections from American Prose Literature. By Walter C. Bronson. 


The Psychology of Religion. (Handbooks of Ethics and Religion.) By 


George A. Coe. 


The History of the New Testament Canon. (Handbooks of Ethics and 
Religion.) By Edgar J. Goodspeed. 


Assyrian and Babylonian Letters. Vol. XIV. By Robert Francis Harper. 
Papers of the Bibliographical Society of America, Vol. VIII. Edited by 


A.C. von Noé. 
Great Missionaries of the Christian Church. By A. K. Parker and E. D. Burton. 


A Historical Examination of Some Non-Markan Elements in Luke. (Histori- 
cal and Linguistic Studies, Vol. II, Part 6.) By Ernest W. Parsons. 


Life in Ancient Israel. By Ira M. Price. 


Introduction to Religious Education. (Handbooks of Ethics and Religion.) 
By Theodore G. Soares. 
Christian Ethics. By Gerald B. Smith. 


A Guide to the Study of Christian Theology. Edited by Gerald B. Smith, 
et al. 
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PUBLICATIONS IN RELIGIOUS 
EDUCATION 


Constructive Studies 


BIBLICAL GROUP 
Edited by Ernest D. Burton 
The Sunday Kindergarten: Game, Gift, and Story. By Carrie S. 
Ferris. 


Teacher’s manual, $1.50, postage extra (weight 1 lb. 14 0z.). Permanent equip- 
ment for each pupil, $1.50, postage extra (weight 2 lbs. 2 oz.). 

Temporary material (renewed each year) for each pupil, 50 cents, postage extra 
(weight 1 lb. 1 oz.). Illustrated Story Leaflets (a cheaper equipment for the 
pupil), 75 cents, postage extra (weight 14 0z.). 


Child Religion in Song and Story. (The Child and His World.) 
By Georgia L. Chamberlin and Mary R. Kern. 


Teacher’s manual, $1.25, postage extra (weight 1 lb. 120z.). Sunday Story Re- 
minders, pupil’s notebook, 50 cents, postage extra (weight 10 oz.). 


Child Religion in Song and Story. (Walks with Jesus in His Home 
Country.) By Georgia L. Chamberlin and Mary R. Kern. 


Teacher’s manual, $1.25, postage extra (weight 1 lb. 12 oz.). Pupil’s notebook, 
50 cents, postage extra (weight ro oz.). 


An Introduction to the Bible for Teachers of Children. By Georgia 
L. Chamberlin. 


Teacher’s manual, $1.00, postage extra (weight 1 lb. 4 oz.). The Books of the 
Bible, pupil’s notebook, 25 cents, postpaid 29 cents. 


The Life of Jesus. By Herbert W. Gates. 


Teacher’s manual, 75 cents, postage extra (weight 1 lb.). Pupil’s notebook, 
65 cents, postage extra (weight 1 lb.). 


Old Testament Story. By Charles H. Corbett. 


Teacher’s manual, $1.00, postage extra (weight 1 lb. 2 oz.). Pupil’s notebook, 
65 cents, postage extra (weight 1 lb. 2 0z.). 


Paul of Tarsus. By Louise W. Atkinson. 


Teacher’s manual, $1.00, postage extra (weight 1 lb. 4 oz.). Pupil’s notebook, 
65 cents, postage extra (weight 1 lb. 2 oz.). Pupil’s homework book, 25 cents, 
postpaid 28 cents. 


Heroes of Israel. By Theodore G. Soares. 


Pupil’s textbook, $1.00, postage extra (weight 1 lb. 10 oz.). Teacher’s manual, 
$1.00, postage extra (weight 1 Ib. 4 0z.). 
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Studies in the Gospel According to Mark. By Ernest D. Burton. 


Pupil’s textbook, $1.10, postage extra (weight 1 lb. 8 oz.). 


Studies in the First Book of Samuel. By Herbert L. Willett. 


Pupil’s textbook, $1.25, postage extra (weight 1 Ib. 10 oz.). 


The Life of Christ. By Isaac B. Burgess. 


Pupil’s textbook, $1.25, postage extra (weight 1 lb. 8 oz.). Pupil’s notebook, 
25 cents, postage extra (weight 12 02z.). 


The Hebrew Prophets, or Patriots and Leaders of Israel. By 
Georgia L. Chamberlin. 


Pupil’s textbook, $1.25, postage extra (weight 1 lb. 14 02z.). 


A Short History of Christianity in the Apostolic Age. By George 
H. Gilbert. 


Pupil’s textbook, $1.25, postage extra (weight 1 lb. 8 oz.). 


The Life of Christ. By Ernest D. Burton and Shailer Mathews. 


$1.25, postage extra (weight 1 Ib. 12 0z.). 


A Short Introduction to the Gospels. By Ernest D. Burton. 


$1.00, postage extra (weight 14 0z.). 


Christianity and Its Bible. By Henry F. Waring. 


$1.25, postage extra (weight 1 Ib. 8 oz.). 


ETHICAL GROUP 


Edited by Ernest D. Burton and THEODORE G. SOARES 


The Problems of Boyhood. By Franklin W. Johnson. 


$1.00, postage extra (weight 1 lb.). 


Social Duties from the Christian Point of View. By Charles R. 
Henderson. 


$1.25, postage extra (weight 1 lb. 8 oz.). 


Great Men of the Christian Church. By Williston Walker. 


$1.50, postage extra (weight 1 Ib. 8 oz.). 


Christian Faith for Men of Today. By E. Albert Cook. 


1.25, postage extra (weight 1 lb. 8 oz.). 


Pf 
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Principles and Methods of Religious Education 


Edited by THEODORE G. SOARES 


Graded Social Service for the Sunday School. By William N. 
Hutchins. 


75 cents, postage extra (weight 12 02z.). 


The Sunday-School Building and Its Equipment. By Herbert F. 
Evans. 


75 cents, postage extra (weight 12 0z.). 


Handbooks of Ethics and Religion 


Edited by Ernest D. BurTON and SHAILER MATHEWS 


The Ethics of the Old Testament. By Hinckley G. Mitchell. 


$2.00, postage extra (weight 1 lb. 14 0z.). 


Outline Bible-Study Courses 


(American Institute of Sacred Literature, Secretary, Georgia L. Chamberlin 
Full courses, each 50 cents, postpaid 54 cents. 
The Life of the Christ. By Ernest D. Burton. 
The Foreshadowings of the Christ. By William R. Harper. 
The Work of the Old Testament Sages. By William R. Harper. 
The Work of the Old Testament Priests. By William R. Harper. 


The Social and Ethical Teachings of Jesus. By Shailer Mathews. 


The Universal Element in the Psalter. By John M. P. Smith 
and Georgia L. Chamberlin. 


The Origin and Religious Teaching of the Old Testament Books. 
By Georgia L. Chamberlin. 


The Origin and Teaching of the New Testament Books. By Ernest 
D. Burton and Fred Merrifield. 
Half-course, 25 cents, postpaid 27 cents. 

The Book of Job, or the Problem of Human Suffering. By William 
R. Harper. 
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PUBLICATIONS OF THE CAMBRIDGE 
UNIVERSITY PRESS 

The University of Chicago Press has become the American 

agent for the scientific journals and the following books issued 
by the Cambridge University Press of England: 


BOOKS 


Royal Society of London: Catalogue of Scientific Papers, 
1800-1900. 


I. Catalogue of Authors (1800-1883). Twelve volumes. Cloth 


or half morocco. Prices on request. 
II. Catalogue of Authors (1884-1900). Volume XIII. A and B. 
III. Subject Index. Three volumes. Buckram or half pigskin. Prices 
on request. 


Tables for Statisticians and Biometricians. Edited by Karl Pearson. 


228 pages, quarto, bound in boards; $2.50, postpaid 


North Manchurian Plague Prevention Service. Reports (19]1]- 
1913). Edited by Wu Lien-Teh (G. L. Tuck). 


294 pages, royal 8vo, paper; $2.75, postpaid 


The Genus Iris. By William Rickatson Dykes. With Forty- 
eight Colored Plates and Thirty Line Drawings in the Text. 


246 pages, demi-folio, half morocco; $37.50, postage extra (weight 11 Ibs. 9 oz.) 


This magnificent work brings together the available infor- 
mation on all the known species of Iris. The account of 
each includes references to it in botanical literature and a 
full description of the plant, together with observations on its 
peculiarities, its position in the genus, its value as a garden 
plant, and its cultivation. As far as possible the account of the 
distribution of each species is based on the results of research in 
the herbaria of Kew, the British Museum, the Botanic Gardens 
of Oxford, Cambridge, Berlin, Paris, Vienna, and St. Petersburg, 
and the United States National Museum at Washington. 

The most striking feature of the book is the forty-eight life- 
size colored plates, reproduced from originals drawn from living 
plants—making it a volume of remarkable beauty as well as of 
great scientific importance. 

The American Florist. Lovers of irises owe a huge debt of gratitude to 

William Rickatson Dykes, who after years of labor has produced a 
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magnificent work on these plants. ... . Mr. Dykes combines the 
scientist’s analytical skill with all the grower’s enthusiasm. 

The Florists’ Review. If anything else could be added to the book that 
would really increase its beauty or its scientific value or its practical 
utility, the present reviewer is curious to know what that addition 
could be. 


The Life and Correspondence of Philip Yorke, Earl of Hardwicke, 
Lord High Chancellor of Great Britain. By Philip C. Yorke, 
M. A. Oxon., Licencié-és-Lettres of the University of Paris. 
3 vols., xxxii+ 1938 pages, royal 8vo, cloth; $13.50, postage extra (weight 9 lbs.) 
This solid and significant work is based on the Hardwicke 
and Newcastle manuscripts and, in addition to the life of Lord 
Hardwicke, gives the whole history of the Georgian period from 
1720 to 1764. Anaccount of the great judge’s work in the King’s 
Bench and in Chancery is included. The characters and careers 
of Walpole, Newcastle, Henry Pelham, the elder Pitt, Henry 
Fox, the Duke of Cumberland, George II and George III, and 
various incidents—such as the fall of Walpole, the Byng catas- 
trophe, and the struggle between George III and the Whigs— 
appear in a clearer light, which the author, by aid of original 
papers and manuscripts, has been enabled to throw upon them. 
These documents are now published, or brought together and 
annotated, for the first time. 
The Harvard Law Review. Every lawyer who venerates the makers of the 
law, who believes that the personality of a judge determines the nature 
of his service to the development of law, ... . should read in these 


pages the life of the man who more than any other impressed upon 
equity the moral standards of a judge who was as good as he was great. 


Byzantine and Romanesque Architecture. By Thomas Graham 
Jackson, R.A. With 165 Plates and 148 Illustrations. 


2 vols., xx-++ 560 pages, crown quarto, half vellum; $12.50, 
postage extra (weight 7 lbs. 12 0z.) 

This work contains an account of the development in Eastern 
and Western Europe of Post-Roman architecture from the fourth 
to the twelfth century. It attempts not merely to describe the 
architecture, but to explain it by the social and political history 
of the time. The description of the churches of Constantinople 
and Salonica, which have a special interest at this time, is fol- 
lowed by an account of Italo-Byzantine work at Ravenna and in 
the Exarchate, and of the Romanesque styles of Germany, 
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France, and England. Most of the illustrations are from 
drawings by either the author or his son, and add great artistic 
value to the volumes. 


The Nation. The two volumes must surely take their place among the 
standard classics of every architectural library. 


The Duab of Turkestan. A Physiographic Sketch and Account of 
Some Travels. By W. Rickmer Rickmers. With 207 Maps, 
Diagrams, and Other Illustrations. 


xvi+564 pages, royal 8vo, cloth; $9.00, postage extra (weight 5 lbs. 7 oz.) 


A record of exploration of a little-known region, combined 
with some elementary physiography. The book discusses the 
various geographical elements in the natural organic system of 
the Duab of Turkestan (or Land between the Two Rivers) 
between the Oxus and the Jaxartes, the information being strung 
on the thread of a highly interesting story of travel and mountain 
exploration. The author was at great pains to obtain typical 
views of physical features such as mountains, valleys, and glaciers, 
and also of vegetation, village life, and architecture; and there 
are many diagrams for a clearer understanding of the text. 

The book is especially suitable for colleges, libraries, and 
schools, and for all students or teachers of physical geography 
and natural science. 

The Journal of Geography. The author’s delicate touches of humor, his 
picturesque language in description, and his knowledge of physiography 
and climatology, . . . . all contribute materially-to the excellence of 


the book. Much attention is given to physiographic processes and 
features, but the splendid half-tones tell the story better than words. 


JOURNALS 


Biometrika. A journal for the statistical study of biological problems. 
Edited by Kart Prarson. Subscription price, $7.50 a volume; 
single copies, $2.50. 


Parasitology. Edited by G. H. F. Nurrart and A. E. SHIpLey. Sub- 
scription price, $7.50 a volume; single copies, $2. 50. 


Journal of Genetics. Edited by W. Bateson and R. C. Punnett. Sub- 
scription price, $7.50 a volume; single copies, $2.50. 
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The Journal of Hygiene. Edited by G. H. F. Nurttraty. Subscription 
price, $5.25 a volume; single copies, $1.75. 


The Modern Language Review. Edited by J. G. Rosertson, G. C. 
Macautay, and H. OELSNER. Subscription price, $3.00 a volume; 
single copies, $1.00. 


The British Journal of Psychology. Edited by CHARLES S. Myers. Sub- 
scription price, $3.75 a volume of four parts. 


The Journal of Agricultural Science. Edited by R. H. Birren, A. D. HAL, 
and T. B. Woop. Subscription price, $3.75 a volume; single copies, 
$1.25. 


The Biochemical Journal. Edited for the Biochemical Society by 
W. M. Baytiss and ARTHUR HARDEN. Subscription price, $5.25 a 
volume; single copies, $1.75. 


The Journal of Ecology. Edited for the British Ecological Society by 
FRANK CAVERS. Subscription price, $3.75 a volume; single copies, 
$1.25. 


The Annals of Applied Biology. Edited for the Association of Economic 
Biologists by H. MAXWELL LErRoy. Subscription price, $6.00 a vol- 
ume; single copies, $2.00. 


The Annals of the Bolus Herbarium. Edited by H. H. W. PErarson, 
Harry Bolus Professor of Botany in the South African College, Cape 
Town. Subscription price, $3.75 a volume; single copies, $1. 25. 


NoTEe.—Prices on back volumes vary, and postage from London is charged on back 
volumes and single copies. 


The University of Chicago Press has become the American agent for 
the following scientific journal published by Georg Thieme in Leipzig: 


Internationale Monatsschrift fiir Anatomie und Physiologie. Edited by 
Fr. Kopscu, Berlin, and R. R. BENSLEy, Chicago. Full information 
as to dates of issue and prices will be given on request. 





THE UNIVERSITY OF CHICAGO PRESS 


CHICAGO - - - - - ILLINOIS 








Recent Publications 


OF 


The University of Chicago Press 











Artificial Parthenogenesis and Fertilization. By Jacques Loeb, 
Member of the Rockefeller Institute for Medical Research. 


x+ 312 pages, I2mo, cloth; $2.50, postage extra (weight 2 lbs. 4 0z.) 


This new work presents the first complete treatment of the 
subject of artificial parthenogenesis in English. Professor Loeb 
published four years ago a book in German under the title Die 
chemische Entwicklungserregung des tierischen Eies. Mr. W. O. 
R. King, of the University of Leeds, England, translated the 
book into English, and the translation has been revised, en- 
larged, and brought up to date by Professor Loeb. It gives, as 
the author says in the preface, an account of the various methods 
by which unfertilized eggs can be caused to develop by physico- 
chemical means, and the conclusions which can be drawn from 
them concerning the mechanism by which the spermatozoén 
induces development. Since the problem of fertilization is in- 
timately connected with so many different problems of physi- 
ology and pathology, the bearing of the facts recorded and 
discussed in the book goes beyond the special problem indicated 
by the title. 


British Medical Journal. The author has gained a world-wide reputation 
for his achievements in artificial fertilization, and this work shows how, 
according to his observations, the action of well-known chemical and 
physical agencies may be substituted for that of the living spermato- 
zoon. 


Animal Communities in Temperate America. A Study in Animal 
Ecology. (Bulletins of the Geographic Society of Chicago.) 
By Victor Ernest Shelford, Assistant Professor of Zodlogy 
in the University of Illinois. 


xiv + 362 pages, 8vo, cloth; $3.00, postage extra (weight 2 lbs. 12 0z.) 


This volume by Dr. Shelford presents the principles of 
field ecology, illustrated by the more widely distributed animal 
habitats of the eastern half of temperate North America, and 
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the aquatic habitats of a much larger territory. Six chapters 
deal with general principles. 

In several chapters animal communities of lakes, streams, 
swamps, forests, prairies, and various soils and topographic 
situations are considered from the point of view of modern 
dynamic ecology. A very valuable feature of the book is the 
three hundred figures of widely distributed animals chosen to 
represent the chief types of animal communities and their 
characteristic modes of life. 


Bulletin of the American Geographical Society. This book is unique in that 
it is a pioneer of its sort and the first serious attempt to treat of the 
physiology of organisms and of animal communities in such shape as 
to serve as an adequate text and reference work for students. 


Water Reptiles of the Past and Present. By Samuel Wendell 
Williston, Professor of Paleontology in the University of 
Chicago. 


viii+252 pages, royal 8vo, cloth; $3.00, postage extra (weight 2 lbs. 8 oz.) 


Professor Williston, who is widely known as a student of ex- 
tinct reptiles and as the author of American Permian Vertebrates, 
which has now become a recognized authority, presents in this 
new volume a summary, divested as far as possible of unneces- 
sary scientific details, of our present knowledge concerning the 
reptiles of the seas, lakes, and rivers of past and present times. 
While no attempt has been made, save incidentally, to discuss 
the strictly terrestrial reptiles, twelve of the fourteen orders of 
the class recognized by the author are treated more or less fully 
—their structure, habits, geological distribution, etc. Unlike 
most of the works for the general reader treating of ‘“‘ancient 
monsters,’’ the present work is by an author who has spent many 
years in the field and laboratory in the collection and study of 
extinct reptiles, upon which he has an international reputation 
as an authority. 

The numerous illustrations, in large part from the pen or 
brush of the author himself, include not only living types and 
twenty-four restorations of extinct forms, but also many figures 
elucidating the structure and habits of the animals. 
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The Weather and Climate of Chicago. (Bulletins of the Geo- 
graphic Society of Chicago.) By Henry J. Cox, Professor of 
Meteorology, United States Weather Bureau, and John H. 
Armington, Local Forecaster, United States Weather Bureau. 


xxvi-+ 376 pages, 8vo, cloth; $3.00, postage extra (weight 3 lbs. 1 oz.) 


Of general interest because of its character and authority, 
this book is naturally of peculiar interest to residents of Chicago 
and the Middle West. Its importance is indicated by the 
fact that it is issued under the auspices of the Geographic 
Society of Chicago, and has been prepared by two of the best 
known weather experts in the country. It includes discussions 
of a great variety of subjects, such as temperature, precipitation, 
atmospheric moisture, cloudiness and sunshine, wind direction 
and velocity, barometric pressure, and storm tracks; and among 
the interesting appendixes to the book are one on the weather of 
holidays and another containing journal entries relative to the 
great Chicago Fire of 1871. 

The volume contains also a remarkable series of tables with 
reference to temperature, precipitation, atmospheric moisture, 
and atmospheric pressure—one hundred and forty-seven in all, 
with more than one hundred figures and plates. 


Chicago and the Old Northwest, 1673-1835. By Milo Milton 
Quaife, Superintendent of the Wisconsin State Historical 
Society. 

viii+ 480 pages, 8vo, cloth; $4.00, postage extra (weight 2 lbs. 14 oz.) 


This book recounts, in a manner at once scholarly and 
dramatic, the early history of Chicago. Important as this 
subject is, it is not treated solely for its own sake. The author’s 
larger purpose has been to trace the evolution of the frontier 
from savagery to civilization. From the point of view of Chicago 
and the Northwest alone the work is local in character, although 
the locality concerned embraces five great states of the Union; 
in the larger sense its interest is as broad as America, for every 
foot of America has been at some time on the frontier of 
civilization. It is believed that this book will take rank as the 
standard history of Chicago in the early days. 


The Nation. In this monograph [on the historyof Fort Dearborn] we have one 
of the most careful studies in Western history that has ever been made. 
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Masters of the Wilderness. By Charles B. Reed. (Chicago 

Historical Society, “‘Fort Dearborn Series.’’) 

xii-+ 144 pages, 16mo, cloth; $1.00, postage extra (weight 12 oz.) 

In reproducing these romantic episodes of our exploration 
era the author has neither exaggerated the color nor distorted 
the facts of that intensely human period. The opening essay, 
which gives its title to the volume, is a highly interesting and 
carefully wrought account of the origin and upgrowth of the 
Hudson’s Bay Company, with a portrayal of its powerful influ- 
ence on the development of Canada. “The Beaver Club,” the 
second essay in the volume, is closely allied to the first, and con- 
cerns a social club of Montreal, the members of which were drawn 
from the partners and factors of the Northwestern Fur Company, 
for many years a rival of the Hudson’s Bay Company. For 
forty years this club dominated the commercial, political, and 
social life of Canada. The concluding essay, ‘““A Dream of Em- 
pire,’ recounts with many fresh details the adventures of Tonty 
in Old Louisiana. 

The Mississippi Valley Historical Review. The style is narrative and 
picturesque, and the book as a whole is a valuable contribution to 
our western history. 


FORTHCOMING BOOKS 
The University of Chicago Science Series 


This important new series will enable the investigator to 
present the results of his special researches, not only to a wider 
public, but to his scientific colleagues, in a form more attractive 
and accessible than is possible through scattered contributions 
in technical journals. 

The following volumes are already in preparation: 

The Origin of the Earth. By Thomas C. Chamberlin, Head of the Depart- 
ment of Geology in the University of Chicago. 

The Evolution of Sex in Plants. By John Merle Coulter, Head of the Depart- 
ment of Botany in the University of Chicago. 

The Isolation and Measurement of the Electron. By Robert Andrews Millikan, 

Professor of Physics in the University of Chicago. 

Finite Collineation Groups. By Hans F. Blichfeldt, Professor of Mathematics 
in Leland Stanford Junior University. 
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LANTERN SLIDES |||} Why Don’t You Rent a 
and PRINTS Remington yao oat 


Our special renrat 
rate to University 
Students is one 








THE UNIVERSITY OF CHICAGO PRESS 





has issued which ought to in- 
terest you; we will 
A SECOND CATALOGUE OF rent you a rebuilt 
LANTERN SLIDES peret visible 
TRANSPARENCIES Remington. 
and PRINTS 2 Months for $5 
i Then at the end of two months, if 
ae vig > RE : iecah ba Ges deat alba te oadal aes oe 
THE YERKES OBSERVATORY will credit the $5 on Saperdige price. 
Every student needs a iter for his 
See comer erin cial ov wotk, if for nothing ee.” And if you 
photographs, many of them new inasactenk tor Sones remember that a 
Remington Typewriter is ‘the best source of 
SENT FREE UPON REQUEST income a — can have, 
2 Our special students athe 8 ond we wl @ splendid 
chance. Sond ws the and we will send 





The University of Chicago Press Remingion Typewriter Company 
Chicage, Illinois New York and Everywhere 









































THERE ARE TWO REASONS 


Why We Send Our 


Daus Improved | Ti oP Duplicator 





FELIX E. DAUS DUPLICATOR CO. 
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Snares et + ee ee ee ee ee oe 
and paniphlets is carried by 


The Baker and Taylor Company 
33 East 17th St, New York, NY. 


Patrons located east of Buffalo and will effect a material saving in time by 
placing their orders i this agency 


























FINE INKS “=” ADHESIVES 
For those who KNOW 





Drawing Inks 
rid. iaaas Raed Ml Ink 
ngross 
Esterbrook’s e . Taurine Mucilage 
Falcon No. 048 Higgins | Photo Mounter Paste 
The standard pen for pracy Been Board Paste 
dence 
: a medium ice Paste 
Peint with large ink-holding | Vegetable Glue, Etc. 
Send 106 © a Are the Finest and Best Inks and Adhesives 
u x contain- * 
pular Emancipate iff th { corrosive and 
Ee ag Steeles inks ond athonivns aun ibe 
Higgins ks and Adhesives. 
to you, they are so sweet, ae aol 


put up, and witha! so efficient. 
At Dealers Generally 


CHAS. M. HIGGINS & CO., Mfrs. 
Branches: Chicago, London 
271 Ninth Street Brooklyn, N. rs 




















The Widest Possible Range 
of Stereopticon Work 
The classroom, the lecture platform, 


and the lyceum all require in a pro- 
jection instrument not only simplicity of 


 eletebon and optical accuracy, but variety. 


Every need can be met with some model of the 


Bausch |omb 


BALOPTICON 


THE PERFECT STEREOPTICON 


slides, for ay objects such as photographs, maps, specimens (shown in 
pe cle) advanced 


wh pie forme of projection. The Balopticon embodies the most 
and meets in a practical way the requirements of those who both give and 


ieee Tbe from projection. 





Model C Balopticon—ideal lantern for slides—fitted with new nitrogen-filled Mazda lamp, 
automatic and best-known illuminant for purpose—complete, $35.00 


Write for our interesting book on Balopticons giving details of all models 


Besech Célemb Optical ©. 


554 ST. PAUL STREET ROCHESTER, N.Y. 























